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ABSTRACT 
 
Jeffrey D. Muehlbauer 
Ecological heterogeneity in streams: 
Geomorphic and hydrologic influences on macroinvertebrate community structure 
(Under the direction of Dr. Martin W. Doyle) 
 
This thesis examines ecological heterogeneity induced by geomorphology and 
hydrology, which are presented independently here as two case studies of 
macroinvertebrate communities in streams.  In the first study, the communities 
surrounding knickpoints are described, along with knickpoint-induced fluctuations in 
discharge and bed sediment.  The influence of a knickpoint in providing heterogeneous 
habitat to support biodiversity is discussed, as is the importance of such micro-scale 
heterogeneity in the face of watershed-scale urbanization effects.  In the second study, 
macroinvertebrate community responses to an experimental drought and rewetting are 
analyzed.  Community alteration along spatial and temporal disturbance gradients is 
assessed, specifically with regards to changes in community dispersion in ordination 
space.  Shifts in species dominance patterns resulting from decreased prey competition 
are also described, as is the importance of hydrologic conditions as analogues for 
available habitat during drought.          
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CHAPTER I.
  INTRODUCTION 
Ecological heterogeneity describes how species and communities vary throughout 
an ecosystem (Kolasa & Pickett, 1991; Lovett et al., 2005).  The study of ecological 
heterogeneity generally builds upon the abiotic template of environmental heterogeneity, 
and explicitly seeks to understand how this physical variability affects biota.  Ecological 
heterogeneity has long been a subject of interest for ecologists, who have used a milieu of 
techniques, perspectives, and terminology to study and explain it essentially since the 
inception of the field of ecology (Kolasa & Pickett, 1991).  This thesis will focus on 
ecological heterogeneity resulting from environmental heterogeneity in stream 
ecosystems.   
In streams, environmental heterogeneity in space is made manifest primarily as 
geomorphic complexity; that is, variability in stream channel and bed composition and 
form.  Stream ecologists view these ecosystems as a “mosaic,” which support 
biodiversity through the heterogeneous habitats they provide (Pringle et al., 1988).  
Community structure in many cases may depend on substrate composition (Reice, 1980).  
It may also vary as a function of connectedness with the subsurface, hyporheic zone 
(Stanford & Gaufin, 1974; Boulton et al., 1998).  Even diffuse, watershed-scale effects 
that influence suspended sediment and nutrient loads, such as urbanization or land use 
change from forest to agriculture, can have in-stream community implications (Walsh et 
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al., 2005; Sandin, 2009).  The spatial ecological heterogeneity induced by 
geomorphology is therefore often very important in understanding community assembly.   
This is not to imply that environmental heterogeneity is without any biotic 
influence.  In fact, there are many documented cases of so-called “ecosystem engineer” 
species that are capable of modifying their environment, auspiciously to create an ideal 
habitat for their survival (Jones, Lawton & Shachak, 1994).  Beavers are the classic 
example; they build dams that modify stream geomorphology and hydrology, creating 
pools that allow the persistence not only of beavers, but also many fish and invertebrate 
species in addition to creating feedbacks for terrestrial organisms that must adapt to a 
new flood regime (Naiman, Johnston & Kelley, 1988).  Other species have similar effects 
in streams, such as caddisflies that stabilize bed substrate with their silk nets (Cardinale, 
Gelmann & Palmer, 2004).    
This discussion of beavers and caddisflies brings to bear the importance of 
environmental heterogeneity relative to the spatial scale of the organism, population, or 
community in question.  Geomorphologists have long recognized that the processes 
influencing landforms are scale-dependent (Schumm & Lichty, 1965), which has 
implications for biota as well.  Strayer (2005) has argued that it is only important to 
consider environmental heterogeneity wherever its scale is similar to that of the organism 
being measured.  For example, heterogeneity on the regional scale may be important to a 
metapopulation of mayflies (sensu Levins, 1969; Hanski, 1999), but is nonetheless 
inconsequential to a colony of mayflies in a single headwater stream.  Conversely, the 
distribution of the mayfly colony may be radically affected by biotic and abiotic 
conditions in a riffle and pool in the headwater stream (e.g., McIntosh, Peckarsky & 
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Taylor, 2002; Peckarsky et al., 2008) that are unimportant to the metapopulation as a 
whole.  Thus, the scale of ecological heterogeneity is context-dependent. 
On large scales, lotic systems (both streams and rivers) adhere to the principles of 
hydraulic geometry; namely, that their width, depth, velocity, and suspended sediment 
loads vary as a power law function of discharge (Leopold & Maddock, 1953).  In-stream 
ecological communities subsequently equilibrate to particular hydraulic geometries, as 
embodied in the River Continuum Concept (Vannote et al., 1980).  This is exemplified 
by many studies attempting to show predictable relationships between stream order 
(Strahler, 1952), photosynthesis:respiration rates, and macroinvertebrate functional 
feeding groups (e.g., Minshall et al., 1983).  Thus, at sub-continental resolution, 
ecological heterogeneity in steams has been well-documented. 
The importance of environmental heterogeneity at the stream reach scale is also 
thought to be fairly well-known, although substantial uncertainty still exists.  The riffle-
pool-run sequence (Leopold, Wolman & Miller, 1964) of stream reaches has important 
consequences for aquatic biota (Allan & Castillo, 2007).  In particular, riffles and other 
areas of flow concentration are generally thought to be important habitat for many 
species that rely on water filtration for resource acquisition (Richardson & Mackay, 
1991).  Pools, conversely, may provide habitat for burrowing and decomposer species.  
Riffles are also thought to have the greatest abundance and richness of stream 
macroinvertebrates; so much so, in fact, that many published aquatic macroinvertebrate 
studies only sample in riffles and ignore other habitats within the reach (Blocksom et al., 
2008).   
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Similarly, the micro-scale distributions of species and communities are also a 
result of environmental heterogeneity.  For example, shear forces on the upstream side of 
a boulder may be too great for mayflies that are nonetheless numerically dominant on the 
downstream side.  The grain size of the sediment (boulder, cobble, sand, etc.) and other 
conditions may also affect species distributions on stream patches separated by 
centimeters or less, regardless even of potentially unequal resource distributions between 
the sites (Reice, 1980).  Geomorphic features in the stream profile, possibly including 
steps, weirs (Hester & Doyle, 2008; Hester, Doyle & Poole, 2009), and knickpoints may 
influence environmental conditions and thereby species distributions as well.   
Nonetheless, more research is needed to more explicitly investigate the causes of 
biodiversity in streams because many of the theoretical species and community 
distribution patterns just described are generalities that may or may not be strongly 
supported by the literature on the whole.  For example, in a recent review of the habitat 
heterogeneity literature, only a third of the studies showed a relationship between habitat 
heterogeneity (roughly at the reach scale) and biodiversity (Palmer, Menninger & 
Bernhardt, 2010).  Understanding what drives biodiversity and how, if at all, it is 
structured by the environmental template is of critical concern.  This is due to the 
potential (albeit only marginally-supported empirically) importance of biodiversity in 
supporting ecosystem function (Cardinale et al., 2006; Cardinale et al., 2009), yet clearly 
such questions regarding biodiversity and environmental heterogeneity remain 
unresolved.                 
To this point, I have defined environmental heterogeneity using only spatial 
terms.  But ecosystems can be temporally-dynamic as well (Kolasa & Pickett, 1991).  For 
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example, seasonal heterogeneity in stream temperature and other environmental 
conditions allows multiple species to persist in situ by occupying a different temporal 
niche space (sensu Hutchinson, 1957).  The seasonally-asynchronous life cycles within 
many stream insect guilds is one pattern showing this adaptation to environmental 
heterogeneity in time; by hatching eggs and emerging as adults at different times of year, 
many taxa are able to exist in the same place with relatively lower inter-specific 
competition (Elliott, 1987) or predation risk (Peckarsky et al., 2001) than might 
otherwise be expected.  Another clear example is in streams susceptible to flash flooding, 
where heterogeneity in stream discharge from one day (or even minute) to the next can 
have drastic consequences on this presence, abundance, and distribution of stream biota 
(e.g., Fisher et al., 1982).  When flooding is fairly predictable, insect emergence can even 
have evolved to be synchronized so that organisms leave the streams as adults just prior 
to floods (Lytle, 2001, 2002).  Other species show behavioral response to flood cues and 
similarly leave the stream prior to flooding, also affecting aquatic community 
composition (Lytle, 1999).  
In fact, much stream ecology research has been devoted to documenting the 
effects of variable hydrology (i.e., discharge and stream flows) on stream communities 
(Poff & Ward, 1989; Poff et al., 1997).  Heterogeneous hydrological conditions 
throughout space (i.e., between otherwise similar watersheds) and time (e.g., seasonally) 
are thought to support stream biodiversity (Poff et al., 2007).  Extreme hydrologic 
conditions can also serve to reset community succession (Fisher et al., 1982), may initiate 
biotic regime shifts (Robinson & Uehlinger, 2008), or may alter competitive balances by 
favoring only the most resistant species (Miller & Golladay, 1996).  It is also worth 
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noting here that the majority of our understanding regarding biotic response to hydrologic 
variability is from floods; droughts and low flow conditions, in contrast, have received 
less attention (Lake, 2003).   
Ecological heterogeneity resulting from variability in stream discharge is 
generally thought of within the context of disturbance (Resh et al., 1988).  Many stream 
ecologists, exemplified by Resh et al. (1988), have argued that the usage of this term is 
anathema given that many stream biota are, in fact, adapted to a variable hydrologic 
regime.  Thus the magnitude at which a flood (or drought) actually constitutes a 
biologically-relevant “disturbance” has been debated considerably (e.g., Reice, Wissmar 
& Naiman, 1990).   
Irrespective of this debate, stream communities do respond to a suite of 
environmental effects possibly wrought by hydrologic variability, including bed sediment 
movement during a flood and the shearing forces of the floods themselves (Reice, 1985; 
Statzner, Gore & Resh, 1988), desiccation during droughts (Feminella, 1996), etc.  In 
general, stream biota seem to follow the tenets of the intermediate disturbance hypothesis 
(Reice, 1985; Lepori & Malmqvist, 2009), which states that community biodiversity will 
be greatest under moderately-disturbed conditions that do not favor competitive exclusion 
nor allow only the most resistant taxa to survive (Connell, 1978; Sousa, 1979).  
Disturbance beyond this “intermediate” level would, therefore, be expected to negatively 
affect the biotic community on the whole. 
 The goal of this thesis is to contribute to the understanding of ecological 
heterogeneity in streams.  I intend to explicitly describe how both the spatial and 
temporal aspects of environmental heterogeneity affect aquatic community distributions.  
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Specifically, my objective is to explore how certain components of environmental 
heterogeneity related to micro-, reach-, and watershed-scale geomorphology and 
hydrology affect macroinvertebrate communities.  In doing so, I use two case studies of 
ecological heterogeneity in stream ecosystems.   
The first case study of this thesis is based on spatial ecological heterogeneity and 
looks at stream macroinvertebrate communities surrounding knickpoints.  These are 
longitudinal, dynamic breaks in a steam profile that resemble waterfalls.  I analyze how 
macroinvertebrate communities vary with respect to their location above, below, or at the 
knickpoint, and relate this variability to predicted patterns along a reach-scale riffle-pool-
run sequence.  Because some of these knickpoints are the result of anthropogenic, 
urbanization activities, I also compare the effect of knickpoints in providing 
heterogeneous habitat and supporting diverse macroinvertebrate communities in both 
urban and forested stream ecosystems around Chapel Hill, North Carolina. 
 The second study deals with temporal ecological heterogeneity in the sense of 
hydrologic variation.  Specifically, I look at macroinvertebrate community responses to 
an experimental drought on the Outer Coastal Plain of North Carolina.  In this study, I 
describe macroinvertebrate community patterns along a spatial gradient of drought 
severity, where some sites almost entirely dried up and others were virtually unaffected 
by drought.  I also assess community patterns through time: before the drought, at regular 
intervals as the drought persisted, and then post-drought when the wetted condition was 
fully restored.  I then close this thesis with a brief, synthetic discussion of the results of 
both of these studies, with an eye towards their contribution to our understanding of 
ecological heterogeneity in streams. 
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CHAPTER II.
KNICKPOINT EFFECTS ON MACROINVERTEBRATES, SEDIMENT, AND 
DISCHARGE IN URBAN AND FORESTED STREAMS: URBANIZATION 
OUTWEIGHS MICRO-SCALE HABITAT HETEROGENEITY 
Abstract  
In this work we characterize the physical conditions and macroinvertebrate 
communities associated with knickpoints.  A knickpoint is a dynamic geomorphic 
formation in the longitudinal stream profile, akin to a waterfall, which migrates upstream 
due to erosion at the cascade face.  Knickpoint formation and movement can be initiated 
by stream changes associated with urbanization, stream bed gravel mining, gully erosion 
in agricultural fields, or other anthropogenic activities, although they also form naturally 
whenever the downstream base level is lowered.  Knickpoints have long been a subject of 
interest for geomorphologists, but have been largely unstudied in stream ecology.   
We found that a knickpoint introduces micro-scale heterogeneity in discharge.  
This may be important in providing refugia for benthic biota during low flow conditions- 
depending on the condition of the bed sediment below the knickpoint, which was highly 
variable.  In addition, knickpoints support a unique filterer-dominated community of 
macroinvertebrates not found elsewhere in the stream reach.  The knickpoint itself also 
may maintain a higher overall density of macroinvertebrates in comparison to other 
habitats in the stream reach, although this pattern was only weakly supported.  Instead, 
the largest differences in macroinvertebrate community metrics we observed were 
consistently between urban and forested knickpoints.  Decreases in density, species 
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richness, and diversity from urban to forested knickpoints greatly outweighed any 
longitudinal differences in the macroinvertebrate community observed within individual 
knickpoint reaches.  Thus we conclude that, while knickpoints may serve as “hotspots” of 
biodiversity and provide substantial habitat heterogeneity over a small area, the valley-
scale influence of catchment land use far outweighs the effect these micro-scale 
geomorphic features in influencing benthic communities.   
Introduction 
Knickpoints are locations of abrupt change in the longitudinal profile of a stream 
bed (Figure 2.1; Brush & Wolman, 1960; Pizzuto, 2002).  They are often interchangeably 
called headcuts, although this term is more appropriately used to describe the physical 
formation and movement of a knickpoint, rather than to define its presence (Hancock & 
Willgoose, 2001).  Knickpoints are formed by a variety of factors over a range of time 
and spatial scales, from sea level change leading to continent-wide stream bed lowering 
over geologic time (Loget & Van Den Driessche, 2009), to gully erosion that causes 
knickpoint initiation following a heavy rain storm (Bennett & Alonso, 2005).  On human 
scales, many knickpoints are caused by stream degradation or changes due to bed 
disturbance, hydrograph intensification due to development and the creation of large 
impervious areas, and other human activities that influence the hydrology and 
geomorphology of stream systems (Wolman, 1987; Heine & Lant, 2009).  After 
formation, knickpoints are dynamic and migrate upstream, often at rates of meters or 
more per year.  The mechanism for this migration is erosive headcutting at the knickpoint 
face, a process that is often viewed as detrimental to stream and infrastructure stability 
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(Robinson et al., 2000).  Although clearly a subject of substantial interest to 
geomorphology, knickpoints have received scant attention from ecologists. 
 It is possible that knickpoints could be biodiversity “hotspots;” regions of high 
species diversity over a small geographic area.  The reach immediately surrounding a 
knickpoint contains a heterogeneous array of habitats, from run/riffle, to cascade, to 
plunge pool, and then back to run/riffle again (Figure 2.2).  A knickpoint may thus be 
considered a micro-scale representation of the run-riffle-pool sequence (riffle-pool in 
geomorphology; Leopold, Wolman & Miller, 1964; Jowett, 1993; Allan & Castillo, 
2007), where the knickpoint cascade itself serves as a sort of extreme riffle habitat.  If 
this is the case, knickpoints should be important patches to sample in benthological 
studies, as they may be representative of meso-/macro-scale patterns in biodiversity for a 
given stream.  Such considerations of patch size and scale with respect to habitat 
heterogeneity and biodiversity are central to stream ecology (Pringle et al., 1988) and the 
field of ecology in general (Turner, 2005), especially when considering the interactions 
between biological and physical processes (Buffagni, Casalegno & Erba, 2009; Sandin, 
2009).  It is also recognized that the selection of an appropriate sampling scale can be 
critical to the results of benthological studies (Minshall, 1988; Strayer, 2005).   
 So-called “step habitats” (Gordon et al., 2004) such as debris jams may trap 
organic detritus or create flow conditions that are unique to the rest of the stream reach 
and are therefore recommended to receive special attention during sampling (N.C. 
Division of Water Quality, 2006).  Where the step induces a change from an eroding to a 
depositing bed surface, as in knickpoints, a concomitant change in benthic fauna occurs 
(Sheldon & Haick, 1981), increasing the biodiversity of samples that integrate micro-
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locations both up- and downstream of the step.  However, the norm in many stream 
ecology studies is to collect biota only in meso-scale riffles (e.g., Blocksom et al., 2008; 
Smith & Lamp, 2008).  Because the knickpoint “riffle” (cascade) is small relative to the 
large plunge pool it creates and because the waterfall-like properties of knickpoints do 
not retain leaves or other nutritive detritus to the same extent as other step habitats, they 
are rarely sampled.   
 In spite of the considerable volume of literature devoted to knickpoint hydraulics 
and the structure of the knickpoint face (see, e.g., Bennett et al., 2000; Bennett & Alonso, 
2005 and references therein), little is known about how knickpoints may affect stream 
biota, sediment distributions, and surface/subsurface flow interactions on the reach to 
sub-reach scale.  One study of an experimental weir, similar structurally to a knickpoint, 
has shown that these step structures encourage hyporheic exchange (Hester & Doyle, 
2008), possibly implying that knickpoints may be sites of upwelling (e.g., Baxter & 
Hauer, 2000) and increased surface discharge.  The erosive action of knickpoint upstream 
migration may also lead to an alteration of sediment grain size distributions downstream, 
although the extent to which this erosion occurs is possibly confounded by underlying 
soil stratification properties (Stein & LaTray, 2002; Gordon et al., 2007).  Due to the 
nature of knickpoint formation in areas of geomorphic or hydrologic disturbance, 
knickpoints are symptomatic of unstable streams, including urbanizing streams in which 
the biota are exposed to a variety of sub-optimal conditions associated with the “Urban 
Stream Syndrome” (Walsh et al., 2005) or the “Stream Channel Incision Syndrome” 
(Shields et al., 2009).  It is unknown in these cases whether knickpoints contribute to 
further degradation of benthic communities via erosion/sediment fining effects, or if the 
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presence of a knickpoint on the sub-reach scale in providing both areas of high velocity 
flow concentration and pools may actually be a source of flow refugia for sensitive 
species (sensu Dewson, James & Death, 2007a, b). 
In this study we characterize the physical and biotic attributes of knickpoints.  We 
hypothesized that knickpoints would introduce increased surface water discharge just 
below the cascade as a result of hyporheic upwelling and that sediment grain sizes would 
be smaller on average below the knickpoint as a result of its upstream, erosive migration.  
Furthermore, we expected the knickpoint to behave as a micro-scale run-riffle-pool 
sequence, with an increase in macroinvertebrate species richness and density at the 
cascade and a depression of these community metrics in the plunge pool and further 
downstream.  Finally, we predicted that the knickpoint would be a biodiversity “hotspot” 
in the sense that the cascade would allow the persistence of a unique, abundant, species-
rich community that would not be present elsewhere in the stream reach. 
Methods 
Site descriptions 
A total of six knickpoints on three streams were used for this study (Figure 2.1).  
Discharge and macroinvertebrates were sampled once monthly at all of these knickpoint 
sites for three months in the summer of 2008.  Three of the knickpoints were located on 
New Hope Creek in Duke Forest at Duke University, hereafter termed “forested sites,” 
and drained mostly forest but also agricultural and low-density residential land-use areas 
(~1% watershed impervious surface cover).  These knickpoints were each separated by 1-
3 km in stream distance and varied in size and channel dimensions (Table 2.1).  However, 
all three were relatively stable and likely originated during infrastructure building or 
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intensive logging and farming activities roughly 50-100+ years ago.  These knickpoints 
seem to have already migrated upstream until they encountered bedrock outcroppings 
near their current location on the longitudinal stream profile.   
The remaining three knickpoints were located in Meeting of the Waters Creek and 
Battle Creek (~45% and 41% watershed impervious surface cover, respectively), which 
drain the University of North Carolina at Chapel Hill campus (hereafter “urban sites”; 
Table 2.1).  These knickpoints showed strong evidence of being caused by contemporary 
land use intensification, and the surrounding stream appeared to be in a degrading, 
incising stage of channel evolution (Hupp, 1992; Simon & Hupp, 1992).  They also 
differed from the forested site knickpoints in that they were cutting into saprolite 
(Meeting of the Waters Creek) and alluvium (Battle Creek) rather than bedrock (J.D. 
Muehlbauer, pers. obs.).  Saprolite is rock-like, but is soft and easily breakable and 
erodible due to its high clay content; as such it is more susceptible than bedrock to further 
upstream headcutting during stormflow events.   
 The stream reach encompassing each knickpoint site was differentiated such that 
there were seven unique sampling locations per knickpoint (Figure 2.2): upstream 10 and 
15 m of the knickpoint, immediately above the knickpoint, in the knickpoint cascade, in 
the plunge pool below the knickpoint, at the downstream boundary of the plunge pool, 
and 10 m downstream of the plunge pool (~15 m downstream of the knickpoint).  In the 
case of the urban Battle Creek site, the knickpoint face was nearly vertical so no cascade 
sampling location existed.  In addition, periodic drying, especially at the urban Battle 
Creek site, prevented certain samples or measurements from being taken at all sampling 
locations.   
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Macroinvertebrate, discharge, and sediment sampling 
Macroinvertebrates were collected once monthly for three months in the summer 
of 2008 at each of the seven sampling locations for each knickpoint site using a 0.09 m2 
Surber sampler (Surber, 1937) with 500 µm mesh.  The contents of the net, including 
detritus, were immediately stored in plastic containers with 95% ethanol and later stained 
with rose bengal to aid in sorting.  Macroinvertebrates were then picked, sorted, and 
identified to the lowest practicable level (usually genus, but family for some Diptera and 
Coleoptera) in the laboratory using dichotomous keys (e.g., Merritt, Cummins & Berg, 
2008).  In addition to statistical modeling described in the next section, macroinvertebrate 
communities were also analyzed by first removing rare species (those occurring in <5% 
of samples) from the dataset and then running ordinations using non-metric 
multidimensional scaling (NMDS) with a Bray-Curtis distance measure (McCune & 
Grace, 2002).  This was done in the vegan contributed package for the R statistical 
software program (Oksanen et al., 2009; R Development Core Team, 2009), and was 
allowed to run from a maximum of 1000 random starts in order to reach a final stable 
solution, which was two-dimensional with a stress of 26.9. 
 To test the hypothesis that hyporheic and groundwater interactions may input 
additional surface water at the knickpoint, discharge measurements were taken at the “0 
m above knickpoint” and “downstream end of plunge pool” locations of each knickpoint 
following every macroinvertebrate sampling event.  The salt slug injection method 
(Gordon et al., 2004) was used for determining discharge at the two locations using 
specific conductance time series data recorded with YSI 556 multiprobes (Yellow 
Springs, Ohio, USA).  This method was used for obtaining stream discharge rather than 
19 
 
typical velocity-area methods because flow was too low during many sampling events to 
accurately measure velocity. 
 Sediment grain size distributions were determined for each location where 
macroinvertebrates were sampled using Wolman (1954) pebble counts, which were 
conducted after the last macroinvertebrate sample on the last month of sampling so as not 
to disturb benthic fauna during the study.  Individual grain sizes were recorded in one of 
10 bins (<4, 4-8, 8-16 mm, etc. up to >1024 mm), corresponding to values of <2 to >10 
on a log2 (φ) scale.  In some cases, the cascade location was entirely exposed bedrock or 
saprolite; in these instances the grain size distribution at the location was recorded as 
“>1024 mm.”        
Model selection and fit for macroinvertebrate data  
Statistical models were created in order to compare differences in 
macroinvertebrate density (modeled as abundance), species richness, and diversity 
(Shannon’s H’) across knickpoint sample locations and land uses.  Densities of individual 
taxa across sampling locations were also compared, but these were analyzed using basic 
methods (i.e., mean, standard error), as more complex modeling approaches would have 
grossly overfit the data.  The sampling design was structured (Cressie et al., 2009), with 
nested location, land use, and date effects.  However, there was not a logical hierarchical 
order to these effects as, for example, sampling date could be nested within land use just 
as rationally as land use could be nested within sampling date; thus, models that included 
land use and date as structural variables or as factors were both considered.   
The traditional significance-testing paradigm using ANOVA or likelihood ratios 
does not lend itself well to comparisons across these various model types, so instead we 
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used an information theoretic (e.g., AIC) approach to model selection, whereby the best-
fitting model would be the simplest possible in terms of modeled parameters and would 
have the lowest information criterion value (Burnham & Anderson, 2002).  In creating 
the best model, the following considerations were also taken into account: 1) how to 
group sampling locations, if at all; 2) whether sampling date and land use were more 
effectively modeled as nested effects or factors; and 3) which probability distribution best 
fit the data.  These considerations could not be addressed in any particular order because, 
for example, a linear model with date and land use as factors could be just as feasible as a 
Poisson model with date and land use as structural variables.  Because macroinvertebrate 
communities were correlated with the particular knickpoint site in which they were 
sampled, site was used as a random intercept in all models.  This allowed each knickpoint 
site to have its own regression intercept, enabling us to fit just one equation for all the 
sites (Gelman & Hill, 2007). 
Analysis of linear and Poisson-type mixed effects models revealed that the best 
approach among the logical combinations of sampling locations was to group all three 
upstream sites together, the cascade site by itself, the two plunge pool sites together, and 
the far downstream site by itself.  Adding sampling date and harvest as factors rather than 
as structural variables also substantially improved model fit.  Graphical analysis as well 
as presumptions about community data led us to believe that the data were not linearly 
distributed and would better fit a Poisson-type non-linear distribution.  However, the data 
had been overdispersed in Poisson models created to this point ( 
	
  	
 1, 
or σ2 >µ), suggesting a negative binomial model may be a viable alternative (Stauffer, 
2007).  The negative binomial distribution can arise from a variety of scenarios and has 
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been suggested as good candidate for fitting many community ecology datasets (Boswell 
& Patil, 1970; Stauffer, 2007); however, current statistical methods for fitting negative 
binomial models in the frequentist realm rarely converge, necessitating that we use a 
Bayesian approach. 
The best-fitting final model was selected using the arm package in R (Gelman et 
al., 2009) and the Bayesian software WinBUGS (Lunn et al., 2000).  The model with the 
lowest DIC (Deviance Information Criterion, a Bayesian analog to AIC) was chosen as 
the best (Spiegelhalter et al., 2002).  Bayesian and frequentist (e.g., regression) methods 
also differ in that a Bayesian approach yields credible intervals, which are analogous yet 
not identical to confidence intervals and lack the F and p values produced in the 
frequentist realm.  Models were fit by allowing WinBUGS to compute parameter values 
using model runs in a sequence from 10,000 to 100,000 iterations in intervals of 10,000 
iterations.  The first run was with uninformative priors; after that, parameter estimates 
from previous iterations were used as informative priors for subsequent iterations.    If 
convergence was not reached after 100,000 iterations, the model ran in subsequent 
sequences up to 1,000,000 iterations in intervals of 100,000 iterations and then up to 
2,000,000 then 3,000,000 iterations.  Occasionally, models did not converge after 
3,000,000 iterations, and these were thrown out.  Among the variations on linear and 
negative binomial-type models compared using this approach, the final model selected 
for estimating both macroinvertebrate abundance and richness was a negative binomial 
model with sampling date and land use as factors. 
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Results 
Discharge 
Discharge was greater below than above the knickpoints 78.6% of the time (four 
out of six and seven out of eight times at urban and forested knickpoints, respectively).  
Overall, discharge increased below the knickpoint by an average of 18.6% (10.4 and 
24.7% for urban and forested knickpoints, respectively; Table 2.2).  In cases where the 
discharge increased below relative to above the knickpoint, the average increase was 
~27% for both urban and forested sites.  When averaged across all measurements, 
discharge was greater below the knickpoint at four out of the five sites where it was 
measured regularly (Figure 2.3; the Battle Creek urban site was often too dry to measure 
discharge).  Based on coefficient of variation data, the overall variation in paired above 
vs. below knickpoint measurements was actually greater than monthly (i.e., temporal) site 
variation in discharge.  There were no clear patterns as to how the coefficient of variation 
of this above-below difference may have scaled with the magnitude of the discharge, or 
with the size or vertical height of the knickpoint. 
Sediment 
Overall, the D50 (i.e., grain size that was greater than or equal to 50% of collected 
sediment grains) was cobble-sized for forested sites and coarse gravel-sized in the urban 
sites.  Whereas the D84 (i.e., the 84th percentile, one standard deviation above D50) 
basically represented bedrock at the forested sites, at the urban sites D84 ranged from 
large cobble to medium boulder-sized.  The D16 (i.e., the 16th percentile, one standard 
deviation below D50) was medium gravel-sized in forested sites and fine-gravel-sized in 
urban sites and was strongly influenced by the presence or absence of sand grains.  In the 
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forested streams, grain size was fairly constant upstream of the knickpoint but decreased 
steadily with distance downstream from the knickpoint.  This is in contrast to the urban 
sites, where grain size tended to increase slightly below relative to above the knickpoint 
(Figure 2.4).  As a result of these contrasting trends, the median D50 and D16 at the 
downstream-most sampling locations at the forested sites approximated their respective 
values at the urban sites despite initially differing by roughly 2 on the φ scale at the most 
upstream locations.       
Macroinvertebrates by sampling location 
Total macroinvertebrate density was greatest at the site of the knickpoint cascade 
when comparing sampling locations across all knickpoint sites (Figure 2.5).  In general, 
density then decreased below the knickpoint and was lowest at the most downstream site.  
However, using the output from the Bayesian negative binomial model the evidence for 
this patterns was very weak, such that there was overlap even between the 50% credible 
intervals for the highest (knickpoint) and lowest (far downstream) density sampling 
locations.  No similar pattern was observed for either species richness or Shannon’s 
Diversity (H’), both of which remained essentially constant across all sampling locations. 
 When densities of individual genera or families were compared across sampling 
locations, three general patterns emerged (Figure 2.6).  Some taxa, such as the net-
spinning caddisfly Hydropsyche, were found in very high abundance at the knickpoint 
cascade and were virtually absent elsewhere.  Other taxa, such as the burrowing 
heptageniid mayfly Stenonema, were fairly ubiquitous at all locations except the 
knickpoint.  The third group of taxa, exemplified by the swimming baetid mayfly 
Pseudocloeon, decreased in a log-linear fashion from upstream to downstream, with the 
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inflection point at the knickpoint.  All taxa collected in densities greater than ~10 per m2 
fell into one of these three distributions; no taxa were found in constant densities across 
all sampling locations.           
Macroinvertebrates by land use 
Separating forested from urban sites produced strong differences in density, 
richness, and diversity.  In most cases credible intervals per location between forested 
and urban groups were non-overlapping at the 95% level for all three metrics, and 50% 
credible intervals were all non-overlapping (Figure 2.7).  However, patterns between 
locations within separate forested or urban groupings remained weak and followed the 
same basic patterns shown in the general sampling location groupings (Figure 2.5).   
 Whereas there were no strong patterns in ordination space between 
macroinvertebrates grouped by sampling location, grouping by land use produced two 
fairly clearly defined communities (Figure 2.8).  The primary gradient for these 
ordinations was related to discharge (r2 = 0.15, p <0.001), although percent dissolved 
oxygen and temperature were also correlated to this first axis (r2 = 0.12, 0.09 and p = 
0.002, 0.002, respectively) and likely co-varied with discharge.  Axis 2 was not strongly 
correlated to any of the measured environmental variables.  Using a permutational 
MANOVA test (Anderson, 2001), communities grouped both by land use and by 
sampling location were significantly different from each other at the 95% level, although 
there was stronger evidence for differences between the two land use communities than 
between location (Table 2.3).  In addition, there was strong evidence that the community 
at the knickpoint was different from other sampling locations; differences among other 
sampling locations tended to be significant but less distinct.   
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Discussion 
Knickpoints exerted some influence on the physical and biotic components of the 
studied stream reaches.  In the case of discharge, the presence of a knickpoint initiated an 
increase in stream discharge below it, likely due to upwelling from the hyporheic zone 
into surface streamflow.  This finding is consistent with results of a study on trout habitat 
in large-scale upwelling zones bounded by knickpoints (Baxter & Hauer, 2000) as well as 
with work on steps and other small-scale geomorphic breaks in the stream profile such as 
weirs and debris jams (Hester & Doyle, 2008).  However, the variability in our data was 
too large to make confident assertions about the influences of bedrock depth, structure 
size, or other parameters on this discharge effect, which were shown to be important by 
Hester & Doyle (2008).  It is also possible that the differences in these factors among the 
knickpoints studied were too minute for us to have observed any correlation between 
them and discharge (Table 2.1).  Regardless, this increase in discharge initiated at the 
knickpoint is non-trivial, as evidenced by the fact that the measured increase in discharge 
often exceeded a 25% increase in flow relative to upstream and that the variation between 
paired above-below measurements was generally greater than summer monthly baseflow 
variation.  On the sub-reach to reach scale, this may be important in providing refugia for 
stream organisms during periods of drying; indeed, during one sampling event at the 
urban, flashy Battle Creek site, stream biota were only found below the knickpoint 
because upstream areas were mostly dry. 
 Knickpoint effects on sediment distributions were more ambiguous.  Sediment 
fining occurred below the knickpoint at the forested sites, in general agreement with our 
expectations based on previous research related to deposition of fine sediments below 
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erosional headcuts (Bennett et al., 2000; Robinson et al., 2000; Bennett & Alonso, 2005; 
Gordon et al., 2007).  However, sediment grain size (especially the D16 value) actually 
increased below the knickpoint in urban sites, seemingly in contrast to these other results.  
The important distinction between the forested and urban sites in this case was likely that, 
while the knickpoints at the forested sites were relatively stable, the urban knickpoints 
were a component of an incising, evolving channel and were still actively headcutting.  
The larger grain sizes below these urban knickpoints were therefore likely still a relict 
signature of knickpoint movement through the downstream reach, which exposed larger 
particles and had not yet equilibrated to the fine sediment, soil bed-depositional stage 
exhibited below the forested knickpoints and observed in other studies (Robinson et al., 
2000).  In spite of the similarities in D16, D50, and D84 values at the urban and forested 
sites by the end of the studied knickpoint reach, a large portion of the grains contributing 
to the smallest (D16) and largest (D84) values at the urban sites were sand and exposed, 
broken pieces of saprolite, respectively, neither of which provided habitat for many of the 
crawling or sprawling EPT taxa that were collected in the forested but not in the urban 
sites.  Although the final median sediment sizes may have been similar, the skew caused 
by the prevalence of such extreme particle sizes seems to have been detrimental to the 
presence of these organisms.    
 Patterns in overall macroinvertebrate communities along the longitudinal stream 
profile were weak to nonexistent at the knickpoint sites.  This was due in large part to 
substantial temporal variability in samples, especially between the first (June) sample and 
the others.  Such difficulties in extracting a microhabitat signature for macroinvertebrates 
from a large degree of background environmental and temporal variability have been 
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reported elsewhere (Leung, Rosenfeld & Bernhardt, 2009).  Although including time in 
the models as a factor did assuage this problem to some extent, it nonetheless contributed 
to the large credible intervals observed in the results.  In addition, the underlying geology 
of the Chapel Hill area (near-surface saprolite or bedrock), does not allow for the 
formation size and headcutting rate of knickpoints in more erosive soils, such as loess 
regions of the USA or worldwide (Poesen et al., 2003); community differences around 
such knickpoints may be more pronounced.   
It may be that knickpoints support a somewhat higher density of 
macroinvertebrates than other areas, possibly due to the concentration of flow and 
nutrients that occurs at those locations (Nowell & Jumars, 1984), but the model evidence 
for this was only weakly supported.  Knickpoints may also detrimentally influence 
macroinvertebrate densities at distances on the order of 10 m below the cascade due to 
relic bed sediment perturbation, but the macroinvertebrate and sediment data do not 
provide conclusive evidence for such phenomena either.  Certainly, the presence of a 
knickpoint seems to have little influence on overarching community metrics of 
biodiversity.  Given how consistently low the richness values were (~5 taxa per sample) 
at all locations, even the presence of an additional 2-3 taxa per sample would have made 
a substantial impact in separating one location from the rest, but this was not the case.  
Thus, regional (e.g., mountain vs. plain) stream differences in community richness, 
density, or diversity would likely outweigh any microhabitat variability in these 
community metrics (Sandin, 2009).  
 In spite of these weak overall community results, knickpoints do seem to exert a 
strong control over the presence or absence of individual taxa.  The knickpoint was 
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totally inhospitable to many detritivorous benthic sprawler or burrower taxa that were 
found in fairly stable densities across the other locations (e.g., Stenonema, Gammarus; 
Statzner, Gore & Resh, 1988).  Other taxa, such as the swimming Pseudocloeon, seemed 
capable of living above the knickpoint but were unable to persist once they were caught 
in the drift and carried below it.  Thus, their densities decreased in a logarithmic pattern 
along the stream profile.  This sharp drop in densities of macroinvertebrates in this group 
from above to below the knickpoint could possibly be due to an increased vulnerability to 
predators in this suddenly very different environment, and possibly a (hypothetical) 
increase in fish densities if the knickpoint discontinuity prevents upstream fish migration.   
Particularly in the case of filter-feeding groups such as Hydropsyche caddisflies 
or Simuliidae black flies, the presence of a knickpoint provided habitat and allowed these 
taxa to persist despite being otherwise absent in the longitudinal stream profile.  Given 
that two of the dominant groups exhibiting this pattern were EPT taxa (Hydropsyche and 
the stonefly Acroneuria), a knickpoint may actually be seen as a “hotspot” for certain 
types of biodiversity or ecosystem health metrics (e.g., EPT; Lenat, 1988; Lenat & 
Penrose, 1996).  If only the “classic” riffle/run habitat upstream of a knickpoint were 
sampled (e.g., Blocksom et al., 2008; Smith & Lamp, 2008), such species would likely be 
collected in very low densities or could even be absent from the sample.  Thus, sampling 
knickpoints may produce important insights into the macroinvertebrate community of a 
stream or reach that would otherwise be overlooked. 
 The difference in land use exerted an overriding influence on the results of this 
study.  Whereas overall differences in macroinvertebrate density, richness, or diversity by 
knickpoint sampling location were weak or absent, differences in these measures by land 
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use were quite clear.  In all three instances, sites sampled in forested catchments had 
greater values than their urban counterparts.  The communities present between these 
land use types were visibly different as well (Figure 2.8), in spite of the fact that all sites 
were within ~20 km of each other and were subjected to very similar meteorological 
conditions.  In this respect, our data show evidence for the “urban stream syndrome” 
(Walsh et al., 2005), whereby a flashier hydrograph, sediment fining, and (likely) stream 
pollution worked to the detriment of stream communities at the urban knickpoint sites 
(Shields et al., 2009).  At least one recent study has suggested that underlying geology 
may be more important in structuring macroinvertebrate communities than land use 
degradation (Infante et al., 2009), which may contribute partially to the observed 
differences between our urban (saprolite) and forested (bedrock) sites.  However, given 
the proximity of all the sites and the fact that they are all located in the same geological 
region (Triassic basin), we feel this is unlikely to be the dominant driver of these 
changes.  Segregating results by land use also did not produce any substantial differences 
from the overall patterns modeled along sampling locations for density, richness, and 
diversity, which may indicate that such longitudinal differences (or lack thereof) 
surrounding knickpoints are consistent regardless of land use. 
Summary 
The presence of knickpoints may exert some influence in macroinvertebrate 
community structure along a longitudinal stream profile.  However, these differences are 
small and are difficult to distinguish given the large degree of heterogeneity in samples, 
even over a small period of time in one summer season.  These differences may be more 
pronounced in areas with less bedrock/saprolite constraints on bed cutting, although more 
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research is needed to verify this assertion.  Perhaps more importantly, knickpoints do 
allow certain unique taxa (especially filter feeders) to exist in a stream reach where they 
would otherwise be absent.  When this includes EPT taxa such as hydropsychids, 
knickpoints may therefore be important to include in studies concerned with using 
biological metrics to assess stream health.  In addition, this habitat created by the 
knickpoint challenges to some degree the notion that knickpoint headcutting through a 
stream is something that must be mitigated.  Clearly, knickpoints that endanger 
infrastructure are a serious concern and the presence of migrating knickpoints in urban 
systems is likely symptomatic of other channel evolution processes, sediment load 
changes, and possible pollution problems that may have overall negative implications for 
stream biota (Shields et al., 2009).  Our results and those of others suggest that 
knickpoints also contribute an increased volume of fine sediments to the downstream 
stream reach as well (e.g. Robinson et al., 2000), which may have negative influences on 
macroinvertebrates reliant on exposed periphyton on cobble surfaces.  Nonetheless, the 
physical presence of a knickpoint introduces micro-habitat heterogeneity into the stream 
profile, possibly supporting locally-rare, highly-lotic taxa.  It may also lead to an increase 
in localized surface water flow, which may be important as refugia for other taxa during 
the increasingly frequent low flow conditions common in flashy, urbanizing streams 
(Walsh et al., 2005).  However, it should be stressed that micro-scale biotic changes 
induced by heterogeneity around knickpoints pale in comparison to differences between 
streams with contrasting forested and urban land uses.  Although a knickpoint may 
provide some unique habitat or refugia, the slight increase in urban steam-dwelling 
macroinvertebrate densities is trivial in comparison to the massive relative decline in 
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densities that was observed between our forested and urban sites.  In terms of overall 
densities, a knickpoint “hotspot” at an urban stream is still a site of very low density 
when compared to any location in our forested sites.                            
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Appendices 
Supplemental data from this study can be found in Appendices 1, 2, and 3, which 
contain GPS points, water quality data, and all macroinvertebrate data, respectively. 
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Table 2.1.  Physical dimensions and characteristics of the sampled knickpoints.  
 
Knickpoint Land Use Bed material Height (m) Slope Width (m) Pool Area (m2) 
Battle Creek Urban Alluvium/sand 1.1 80° 0.7 7.0 
Meeting of the Waters Creek 1 Urban Saprolite/sand 1.0 14° 1.5 6.3 
Meeting of the Waters Creek 2 Urban Saprolite/sand 0.3 45° 4.0 6.0 
New Hope Creek 1 Forested Bedrock/cobble 0.5 60° 0. 6 5.5 
New Hope Creek 2 Forested Bedrock/cobble 0.6 31° 0. 4 2.4 
New Hope Creek 3 Forested Bedrock/cobble 0.5 14° 1. 1 1.4 
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Table 2.2.  Discharge data above and below knickpoints. 
 
    Average discharge (L/s) Below - Above Coefficient of variation 
Knickpoint Land use n 
Above 
knickpoint 
Below 
knickpoint 
Average % 
change 
Average % 
increase 
Paired 
Above/Below 
Between 
months 
Battle Creek Urban †3 †1.21 †1.21 NA NA NA NA 
Meeting of the Waters Creek 1 Urban 3 17.70 21.44 22.21 34.03 1.05 0.68 
Meeting of the Waters Creek 2 Urban 3 26.01 25.60 -1.41 16.62 1.46 0.42 
New Hope Creek 1 Forested 3 26.83 46.00 73.59 73.59 0.27 2.06 
New Hope Creek 2 Forested 2 52.81 59.38 11.47 11.47 0.72 0.78 
New Hope Creek 3 Forested 3 55.97 59.47 5.32 8.24 1.04 0.88 
All urban sites - 6 21.85 23.52 10.40 25.33 1.27 0.88 
All forested sites - 8 47.50 56.07 24.69 28.29 1.28 1.26 
All sites - 14 36.51 42.12 18.57 27.21 1.26 1.03 
†Battle Creek was not flowing on 2 out of 3 samples; (†) data represent just one measurement, taken above the knickpoint. 
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Table 2.3.  Tests for community differences between groups based on permutational 
MANOVA.  Bold values indicate significant differences.   
 
Comparison F-value p-value 
Land use 
       Forested : Urban 12.10 < 0.001 
Sampling location 
       All locations 2.71 < 0.001 
Pair-wise locations 
       Knickpoint : Upstream 4.05 < 0.001 
       Knickpoint : Plunge pool 2.70 < 0.001 
       Knickpoint : Downstream 2.83 < 0.001 
       Upstream : Plunge pool 1.70 0.054 
       Upstream : Downstream 1.89 0.038 
       Plunge pool : Downstream 1.25 0.231 
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Figure 2.1.  The Battle Creek knickpoint, characteristic of the knickpoints used in this 
study. 
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Figure 2.2.  Schematic showing sampling locations and example structure of a 
knickpoint. 
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Figure 2.3.  Measured discharge results for all knickpoints.  Shapes represent paired 
upstream-downstream measurement events. 
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Figure 2.4.  Sediment grain size distributions along the knickpoint reach in forested and 
urban catchments. 
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Figure 2.5.  Macroinvertebrate density, species richness, and Shannon’s Diversity Index 
results per sampling location based on WinBUGS model analysis.  Lines represent a 
smoothed loess curve.   
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Figure 2.6.  Real data of individual taxon densities by sampling location.  Up, Kn, Pl, 
and Dn represent upstream, knickpoint, plunge pool, and downstream samples, 
respectively.  Taxa are grouped into those that increased in abundance at the knickpoint 
(left column), decreased in abundance at the knickpoint (middle column), and decreased 
in abundance from upstream to downstream throughout the knickpoint reach (right 
column). 
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Figure 2.7.  Macroinvertebrate density, species richness, and Shannon’s Diversity Index 
results per sampling location and divided up by land use type.  Lines represent a 
smoothed loess curve.   
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Figure 2.8.  Ordinations of macroinvertebrate communities separated by land use (top) 
and sampling location (bottom).  Environmental variables with strong gradients and 
correlations to either axis are shown in the bottom corner.
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CHAPTER III.
HYDROLOGIC CONTROL OF COMMUNITY RESPONSE TO AN 
EXPERIMENTAL DROUGHT GRADIENT 
Abstract 
In this work we assess the spatio-temporal response of aquatic macroinvertebrate 
communities to an experimental drought gradient.  Macroinvertebrate communities as 
well as water quality and hydrologic parameters were sampled before, during, and after 
the drought, at sites varying in drought severity.  In the absence of geomorphic 
complexity providing habitat refugia (e.g., step-pools), reach-scale wetted perimeter 
exerted a strong control on community structure, which leads us to suggest that 
hydrologic parameters such as this should be considered more explicitly in drought 
studies.  Additionally, the macroinvertebrate community exhibited an incremental 
response to drought severity over the course of this disturbance.  In ordination space, this 
formed a series of concentric circles of drought severity, where the smallest circle 
represented the virtually undisturbed community and the largest circle represented the 
highly dispersed community at the most drought-affected site.  The community mean, in 
contrast, stayed relatively stable across sites regardless of drought magnitude. Thus, a 
potential threshold tipping point leading to an alternative stable state was not observed 
within the spatio-temporal context of this study.  Still, competitive interactions were 
altered somewhat, and more resistant, swimming taxa became dominant without 
excluding other groups.  Finally, our results suggest that rapid rewetting, as might be 
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analogous to a hurricane breaking a summer drought, may represent a recovery process 
rather than an additional disturbance.   
Introduction 
Community response to disturbance has long been of primary interest to 
ecologists (Clements, 1936).  The idea that disturbance alters community structure but 
intermediate levels of disturbance lead to greater community stability and biodiversity is 
a central tenet of ecology (Connell, 1978; Sousa, 1979; Reice, 1985). Disturbance can not 
only shift the mean community composition, it can also alter the dispersion or variability 
about that mean (Warwick & Clarke, 1993; Houseman et al., 2008).  Further, more 
frequently disturbed sites often differ in community composition from less disturbed 
areas within the same ecosystem type (Collins, 2000), and disturbance can act as a filter 
limiting diversity and community composition (Lepori & Malmqvist, 2009).  Disturbance 
and habitat patchiness may also alter productivity, such that less-frequently disturbed 
areas are able to support greater levels of primary and secondary production (Death & 
Winterbourn, 1995).  Threshold responses to disturbance are also possible, such that a 
disturbance of sufficient magnitude may allow communities to transition to a new or 
alternative stable state (Suding, Gross & Houseman, 2004).  Such thresholds may also be 
affected by community assembly (Chase, 2003) and the extent to which the disturbance is 
of an abiotic origin (Didham, Watts & Norton, 2005).    
In streams, Lake (2000) characterized disturbances as falling into three classes: 
rapid, “pulse” disturbances such as floods (e.g., Fisher et al., 1982), chronic, “press” 
disturbances such as persistent toxin additions (e.g., Lottig et al., 2007), or “ramp” 
disturbances that increase in severity over time such as droughts (Lake, 2003).  Both 
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pulse and ramp-type disturbances are implicitly linked to stream flow and the hydrologic 
regime and these disturbances- particularly floods- have received substantial emphasis by 
stream ecologists (Resh et al., 1988; Poff & Ward, 1989).  Macroinvertebrates and other 
groups of stream biota often depend on particular hydrologic conditions (Hart & Finelli, 
1999), and stream flow characteristics can limit biotic assemblages across both seasonal 
and interannual timescales (Konrad, Brasher & May, 2008).  Floods may also decrease 
species densities (Suren & Jowett, 2006).  In one study, both floods and droughts favored 
more resistant taxa and the magnitude of community response was greater in autumn than 
spring due to asynchrony with macroinvertebrate colonization patterns (Miller & 
Golladay, 1996).   
Extreme flow alterations can induce regime shifts in communities (Robinson & 
Uehlinger, 2008) and may reduce diversity and lead to alterations in species dominance 
(Rader & Belish, 1999).  Variability between floods and the magnitude of a flood 
disturbance, rather than just flood occurrence, is also important (Clausen & Biggs, 2000), 
and larger invertebrate populations may be supported under more stable flow conditions 
(Gislason, 1985).  In fact, flow regime and variability are often used as classifiers of 
habitat for stream invertebrates (Monk et al., 2006).  However, due to the inherent 
observational nature of most disturbance studies in stream ecology, Bunn and Arthington 
(2002) have noted that a unified theory of biotic response to flow alteration is still 
lacking, and have argued for a more theoretical approach.   
In comparison to floods, droughts have been relatively understudied in stream 
ecology (Lake, 2003).  This is most likely due to the constraints and uncertainty inherent 
in setting up a sampling design to capture drought disturbances rather than a lack of 
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interest in these phenomena.  Whereas floods, as a disturbance, lend themselves well to 
sampling due to their short-term nature (Fisher et al., 1982; Resh & Kobzina, 2002); 
droughts generally extend over longer timescales.  Additionally, fairly severe floods can 
be expected on the order of every 1.5-2 years (Wolman & Miller, 1960) but severe, 
seasonally-atypical droughts are more difficult to predict.  However, this large magnitude 
of variation in low flows over time also means that such atypical droughts can also be 
very biologically-significant as disturbances (Bond, Lake & Arthington, 2008), leading 
the authors of one recent study to note that such droughts may be “underappreciated in 
stream ecology” (Sabo & Post, 2008).  
There has been some research into drying that occurs seasonally in 
characteristically intermittent streams, although these may not be strictly considered 
“disturbances” in the sense of some un-adapted event (Reice, Wissmar & Naiman, 1990).  
Those studies have demonstrated that macroinvertebrate communities do exist even in 
such occasionally desiccated systems (Stehr & Branson, 1938; NCDWQ, 2005), but also 
that there is community change and variability between wet and dry years (Boulton & 
Lake, 1992a, b; Bickerton, 1995).  Invertebrate populations that survive such dry 
conditions are thought to be either highly drought-tolerant, possibly surviving by 
burrowing into the subsurface hyporheic zone (del Rosario & Resh, 2000), or may have 
strategies for population persistence like laying eggs during dry seasons (Delucchi & 
Peckarsky, 1989).  One study along a gradient of intermittency also found that the degree 
of stream flow was at least partially related to macroinvertebrate diversity and riffle 
permanence (Feminella, 1996).  However, drying in an intermittent stream is generally 
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not a disturbance in the sense of Resh (1988), and likely does not carry the same effects 
as an uncharacteristic drought in an under-adapted system.   
Those studies that have focused on biotic responses to drought disturbances have 
strongly emphasized the importance of habitat heterogeneity in providing refugia that 
allows a subset of organisms to persist in severe drought conditions (Dewson, James & 
Death, 2007b; Bond et al., 2008; James, Dewson & Death, 2008).  However, one study 
showed that droughts did not decrease invertebrate densities (Suren & Jowett, 2006), and 
another found that invertebrate density actually increased as a result of water abstraction 
because invertebrates congregated in what little wet stream habitat remained, although 
species richness and evenness decreased (Dewson, James & Death, 2007a).  However, 
aquatic community response along a gradient of drought severity, particularly where flow 
refugia are homogeneous or absent, has been largely undescribed.        
 In this study, we characterize spatio-temporal changes in aquatic 
macroinvertebrate communities along an experimental drought severity gradient, which 
was induced by an intentional water level drawdown at the study site.  The nature of the 
gradient and predictable manipulation and timing of the drawdown allowed us to 
compare community responses to drought at sites that became nearly dry simultaneously 
with nearby sites that were only minimally affected, and to do so at several intervals pre-, 
during-, and post-drought.  Due to the unique geomorphology and history of the site, 
microhabitat refugia formation during the drawdown was minimal, so community 
responses would be due strictly to changes in metrics like channel depth or water quality.  
Our hypotheses for this study were threefold: First, we predicted that 
macroinvertebrate communities at the most drought-influenced sites would exhibit the 
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most drastic shift in community structure and composition over the course of the 
drawdown and subsequent rewetting, and that this response would incrementally 
diminish along the gradient to less drought-affected sites.  If this response was a function 
of a change in community mean, we predicted the change from pre- to during-drawdown 
would be greatest at the most-affected site.  Alternatively, if the drought induced a 
change in community variability, or dispersion, we expected to see the drought sites as a 
series of concentric rings in ordination space, where the most-affected site would be the 
outer ring and less-affected sites would compose inner rings, yet all sites would have the 
same centroid.  Our second hypothesis was that communities at the end of the drought 
would be dominated by the most mobile and resistant taxa that could actively seek 
refugia or colonize remaining available habitat.  We expected this shift in dominance 
patterns would occur primarily as a result of a decline in other taxa, rather than an 
increase in densities or richness of more tolerant species.  Third, we hypothesized that the 
rewetting of the site following the drawdown would serve as an additional disturbance 
event to the communities that had managed to survive the drought, due to the rapid 
(several hours) rate of water level recharge.  As such, we expected rewetting 
communities to be even less similar to the original (pre-drought) community than the 
communities that persisted throughout the drought, and that the trajectory to recovery 
following rewetting would be much slower than the community change observed during 
the water level drawdown.             
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Methods 
Site description 
This study was conducted at the Timberlake mitigation site, located ~5-10 km 
away from the Albemarle Sound estuary on the outer coastal plain of North Carolina 
(Figure 3.1).  Timberlake is a 1000 ha former corn/soybean field, which has been a site of 
riverine/wetland restoration and mitigation activity since 2004.  The site is very low-lying 
and flat, with elevations ranging from ± 3 m above sea level and few naturally-occurring 
(non-agricultural) channels for water flow.  Germane to this study, restoration activities 
included digging new channels to enhance the lotic (flowing) character of the site and 
turning off/closing the downstream pump/flapgate complex that had previously drained 
the site for agriculture.  Turning off these pumps allowed 440 ha of the site to re-flood 
with freshwater to an average depth of ~1 m in 2007; this flooded area is the focus of this 
study.   
 As part of ongoing research at Timberlake, an experimental drawdown of the 
water was conducted on August 18, 2008.  This drawdown was initiated by opening the 
downstream flapgates, turning the downstream pumps back on, and allowing them to 
operate as they had during agricultural operations, which drained the site in <1 day.  
Rewetting occurred after 15 days of drawdown conditions by turning the pumps off 
again, which re-flooded the site over <1 day on September 2, 2008.  Not all areas across 
the site were equally affected by this drawdown.  When the primary channel was created 
during the restoration, a geomorphic invert was encountered where the grade of the land 
prevented a channel from being dug upstream past that region (Figure 3.1).  Whereas the 
main channels carrying water downstream below the geomorphic invert were fairly 
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distinct, flowpaths above the invert were much more diffuse and unchannelized (B. 
Bogardus, unpublished data).  Following the initial re-flooding a beaver also created a 
dam in the geomorphic invert region, further segregating the hydrologic regime above 
and below the invert.  As a result, the experimental drawdown exerted a gradient effect 
across the site, with the most downstream areas being most affected while sites far above 
the geomorphic invert were nearly undisturbed.   
Following restoration, Timberlake has been subjected to wind tides during normal 
(non-drawdown) flow conditions, which induce bidirectional flow and occasionally allow 
brackish, saltwater intrusion into the lower part of the site from the downstream 
Albemarle Sound (M. Ardón, unpublished data).  During the drawdown, flow 
concentration into channels in the downstream areas of the site allowed more typical 
upstream-downstream flow to be accentuated and prevented this bi-directional flow from 
occurring.  Hurricane Hanna also passed over the area on September 5, 2009 (3 days 
post-rewetting), exposing the site to additional water inputs from precipitation in addition 
to wind disturbance.             
Our sampling design consisted of intensive repeat sampling at six sites along this 
drawdown gradient.  Five sites were located along the major gradient.  An additional 
sixth site was far upstream of the geomorphic invert, at a location that was not strongly 
hydrologically-connected to the other sites and that was meant to serve as an undisturbed 
control (Figure 3.1).  Each of these sites was sampled seven times: one day pre-
drawdown at Day 0, during the drawdown at Days 4, 7, and 14, and post-drawdown and 
rewetting at Days 20, 26, and 32 (the pumps were turned off on Day 15).          
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Channel cross sections and water quality 
Drawdown effect on habitat was quantified in part as change in wetted perimeter 
and depth using channel cross sections at all six sites.  Wetted perimeter is defined as the 
sum of the water level height on both banks plus the width of the bed (Richards, 2004), 
and therefore is inherently correlated with depth.  Cross sections were surveyed using a 
total station (Trimble, Sunnyvale, CA, USA) at the first during-drawdown sample when 
water level was at its lowest.  Water level was also noted pre-drawdown by placing pin 
flags, which were then surveyed in with the rest of the cross section in addition to the 
drawdown water levels.  The post-drawdown (rewetting) water level was similar to pre-
drawdown, so no additional points were surveyed and water level at these two conditions 
is assumed to be equal for the analysis.  Wetted perimeter was computed from these 
surveys using the Hydro Toolbox add-in for Microsoft Excel (Renshaw, 2008).  
 A suite of water quality parameters, including water temperature, specific 
conductivity (and correlated salinity), dissolved oxygen, and pH were measured at the 
time of each sampling using a YSI 556 multiprobe (Yellow Springs, Ohio, USA).  Most 
samples were taken in repeated locations under similar conditions at the same time of 
day; however, this was not always the case for every sample.  In particular, fluctuations 
in dissolved oxygen measurements taken at the same site over adjacent sample dates- but 
separated by 2 hours in terms of time of day- were sufficiently great to cause us to 
question the operation of the DO sonde or the utility of using such measurements.  Thus, 
dissolved oxygen measurements were precluded from the analysis.  Temperature, pH, and 
specific conductivity data were not so inexplicably variable and were kept.         
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Macroinvertebrate sampling 
Macroinvertebrates were collected at every site for every sampling event using a 
modification of the North Carolina Division of Water Quality “Swamp Method,” which 
was designed for use in outer coastal plain ecosystems (like Timberlake) with little 
appreciable flow (NC DWQ, 2006).  Our particular sampling strategy involved standing 
in a fixed location in the channel ~1 m off the bank and sampling all habitats- including 
both the channel thalweg and bank macrophyte vegetation- within reach of a D-frame dip 
net (500 µm mesh) with a 1.2 m long handle.  These samples were then field-picked 
exhaustively for 30 min, which we estimate was sufficient to remove >95% of 
macroinvertebrates from each sample.  In rare cases where collected abundances were 
large enough to require more picking time, the sample remaining after 30 min was stored 
and picked to completion later under a magnifying glass in the laboratory.  All collected 
macroinvertebrates were stored in 95% ethanol and were identified using dichotomous 
keys (e.g., Williams, 1972; Merritt, Cummins & Berg, 2008).  To improve the strength of 
our community-level inferences (Weiss & Reice, 2005) , macroinvertebrates were 
identified to the highest resolution possible given our identification facilities.  This was 
generally to the genus or species level, with the exception of some Diptera and non-
Insecta (e.g., Chironomidae, Oligochaeta) that were identified to the family level or 
higher.   
Macroinvertebrate communities were analyzed primarily using a non-metric 
multi-dimensional scaling (NMDS) ordination approach with a Bray-Curtis distance 
measure (Bray & Curtis, 1957; McCune & Grace, 2002).  In order to facilitate 
interpretation, samples were relativized by species maxima and rare species (those 
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occurring in <5% of samples) were removed from the dataset.  The stable final 
configuration after a maximum of 1000 random starts was 2-dimensional, with a stress of 
26.54.  Significance tests for differences between community groups were carried out 
using permutational MANOVA tests (Anderson, 2001), and correlations between groups 
were assessed using Mantel tests, again using Bray-Curtis similarity (McCune & Grace, 
2002).   Finally, macroinvertebrate comparisons by habitat/mobility groups across time 
were compared using independent, 2-sample t-tests.  All data were analyzed using R 
statistical software (R Development Core Team, 2009), especially within the contributed 
package vegan (Oksanen et al., 2009).         
Results 
Wetted perimeter, depth, and water quality 
When compared pre/post- to during-drawdown, wetted perimeter was least 
affected at the most upstream (very small effect) site, and the percent change in wetted 
perimeter increased at each subsequent site downstream (Table 3.1; Figure 3.2).  The 
change in depth pre/post- compared to during-drawdown followed the same pattern, with 
the exception of at the moderate effect site, where depth changed less than at any other 
site.  The width:depth ratio of this site was higher than elsewhere, so while wetted 
perimeter changed consistently with the site’s position along the drawdown gradient, 
most of this change was in the width, and depth was not as strongly affected. 
     Water temperatures varied somewhat over the course of the study, partially in 
response to variability in the time of day in which measurements were taken (Table 3.2).  
Additionally, temperature decreased over the course of the drawdown, increased for 12 
days post-rewetting, then fell again.  Measured values for pH varied from neutral to very 
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acidic and did not follow a consistent pattern over time, although the water at all sites 
was more acidic at the time of the last post-drawdown sample than pre-drawdown.  
Finally, specific conductivity results divided into two groups: the very small drawdown 
effect site had low, relatively stable SpC values throughout the study while SpC at the 
remaining five sites decreased throughout the drawdown, increased for 12 days post-
rewetting, then dropped again by the last sample.   
Community responses 
Ordination analysis revealed distinguishable macroinvertebrate community 
groups in two dimensions (Figure 3.3).  Samples from the very small drawdown effect 
site were excluded from this part of the analysis because the site was hydrologically-
disconnected from the main drawdown gradient (Figure 3.1).  Wetted perimeter, depth, 
and specific conductivity were all significantly correlated to the ordination (r2 = 0.34, 
0.32, 0.22 and p <0.001, <0.001, 0.005, respectively), but temperature and pH were not.  
The ordination was rotated to align the strongest environmental gradient, wetted 
perimeter, with Axis 1.  After rotation, variation in wetted perimeter between sampling 
sites accounted for 58.3% of the macroinvertebrate community ordination variability in 
Axis 1 and variation in specific conductivity accounted for 46% of the variation in Axis 
2.  Variation in depth, which is correlated with wetted perimeter, accounted for 50.1 and 
23.7% of the variation in Axis 1 and 2, respectively.   
When samples from the five drawdown gradient sites were grouped according to 
sampling event (pre-, during-, or post-drawdown), clear distinctions were evident 
between the macroinvertebrate community present during the drawdown and the one that 
succeeded it post-drawdown (Figure 3.3).  The community sampled pre-drawdown, in 
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contrast, incorporated portions of both the during- and post-drawdown communities.  
This is reflected in the lack of significant difference between the pre- and during-
drawdown communities based on the permutational MANOVA test, although the pre- vs. 
post-drawdown communities were significantly different (Table 3.3).  In addition, no two 
sampling events were significantly correlated based on Mantel tests, with the exception 
of comparisons between the pre- and first post-drawdown samples (Table3.4).  The pre-
drawdown community was also less dispersed or stochastic (i.e., occupied a smaller 
portion of the ordination space) than either of the latter communities. 
Distinguishable macroinvertebrate community patterns also emerged in ordination 
space when samples across time/drawdown event were grouped according to sample site 
(Figure 3.4).  Samples at the minimal drawdown effect site were the least variable 
through time, and variability increased incrementally along the drought gradient such that 
the extreme drawdown effect site was substantially more variable over the course of the 
study (occupied more ordination space) than any other site grouping.  Less drawdown-
affected communities existed within the space of more drawdown-affected communities, 
roughly in concentric circles in ordination space.  Consequently, only 6 out of 11 
comparisons of differences between these groups were significant using permutational 
MANOVA (Table 3.3); however, all but three such comparisons were not significantly 
correlated based on Mantel tests (Table3.4). 
Tracking the macroinvertebrate community through time at each drawdown 
gradient site revealed consistent patterns in the ordination across the five sites (Figure 
3.5).  In general, large community changes took place between the pre- and first during-
drawdown samples (days 0 and 4, respectively).  The communities at the minimal and 
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slight drawdown effect sites then seemed to equilibrate to the new, somewhat drier 
condition, and little community change was observed between the three drawdown 
samples at each of these two sites.  In contrast, at the remaining, more drawdown-
affected sites, the macroinvertebrate community continued to vary substantially 
throughout the drawdown period.  The transition from drawdown to rewetting (day 14, 
drawdown sample 3 to day 20, post-drawdown sample 1) induced the largest community 
changes over the course of the study at four of the five sites, with only the minimal 
drawdown effect site not exhibiting strong community movement in ordination space 
between these sampling events.  Following rewetting, communities at all sites followed a 
general trajectory back to the initial, pre-drawdown condition.  In comparison to any of 
the during-drawdown samples, the community present at the third and last post-
drawdown sample (day 32) was as close or closer in ordination space to the pre-
drawdown sample at four of the five sites.  The exception was the severe drawdown 
effect site, which nonetheless exhibited a strong trajectory back to the pre-drawdown 
community composition and structure. 
The relative proportions of collected macroinvertebrates native to distinct habitats 
also changed throughout the course of the study (Figure 3.6).  Prior to the drawdown, the 
community across all five gradient sites was dominated by hydrophyte-associated 
macroinvertebrates (e.g., Odonata and many Hemiptera taxa).  Pelagic or near-surface, 
swimming taxa (e.g., some Diptera and Hemiptera, but mostly the Coleopteran families 
Dytiscidae and Hydrophilidae) also contributed substantially to taxon richness pre-
drawdown, but were low in abundance.  Benthic taxa pre-drawdown (e.g., Diptera, 
especially Chironomidae), in contrast, were fairly abundant, but contributed few taxa to 
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richness counts.  Finally, terrestrial-associated taxa (e.g., Coleoptera such as 
Curculionidae and Chrysomelidae), were almost non-existent in samples taken before the 
drawdown.  Once the drawdown commenced, total and individual group 
macroinvertebrate abundance and richness stayed relatively constant, except for the 
hydrophyte-associated macroinvertebrates, which decreased in abundance by 56% (Table 
3.5).  Abundance of this habitat group continued to decrease even post-drawdown, while 
swimmer and terrestrial richness increased significantly.  Swimmer abundance also 
significantly increased during this time period, in fact to greater than pre-drawdown 
levels.  Finally, overall macroinvertebrate abundance and richness across all groups at the 
five gradient sites also increased significantly from during- to post-drawdown.   
Discussion 
Macroinvertebrate community responses to the drawdown and subsequent 
rewetting differed; in particular altering our initial conceptualization of the rewetting as a 
continuation of a persistent drought ramp disturbance (Lake, 2000).  The pre-drawdown 
community incorporated aspects of both the during- and post-drawdown communities; 
however, these latter two communities emphasized different components of that initial 
community structure along the wetted perimeter gradient of the ordination.  The 
macroinvertebrate community seemed to be more dispersed during drought conditions 
relative to pre-drawdown, which would be expected following a pulse-type, large 
disturbance event that substantially disrupts habitat availability on a short time scale 
(Lake, 2000; Biggs, Nikora & Snelder, 2005).  However, the community did not continue 
to become even more dispersed and variable following rewetting.  We had predicted the 
rewetting, due to its rapid nature, would serve as another disturbance and therefore might 
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exhibit a similar community change as that observed during the drawdown, but this does 
not seem to have been the case.  It is conceivable that this response might be because the 
community had been so retracted compositionally (i.e., to only the most resistant taxa; 
Miller & Golladay, 1996) during the drawdown that further changes post-rewetting 
would have been minor relative to the initial, drought-induced change.  But, in fact, 
overall taxon abundance and richness actually increased above pre-drawdown levels after 
the rewetting occurred.  Thus, rewetting seems to have been a rapid reset mechanism for 
the aquatic macroinvertebrate community at Timberlake, although this new community 
only bore a partial resemblance to the pre-drawdown composition. 
 Community change along the drawdown gradient revealed that response to 
drought was relative to the magnitude of habitat (primarily wetted perimeter) change 
exerted by the drawdown.  One hypothesis regarding drought disturbance could be that 
communities respond according to threshold changes: below some threshold of habitat 
change the community remains relatively unperturbed, but then collapses or shifts to a 
new stable state as the drought persists and removes some key habitat component (Chase, 
2003; Suding et al., 2004).  This does not seem to have been the case at Timberlake, 
assuming that the drought lasted sufficiently long enough that we would have observed 
any possible threshold response.  Rather, the community at the most extremely-affected 
site, where wetted perimeter and depth decreases for two weeks of  85.1 and 95.2%, 
respectively, exhibited the most dynamic change in community structure.  But the 
variability in community composition over the course of the study was incrementally 
smaller at the strongly-affected site, and so on.  Thus, when comparing all the sites, the 
magnitude of community change during the drawdown and rewetting (as a function of 
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variability) could be viewed as a series of concentric rings in ordination space (Figure 
3.4).  In this representation, sites that underwent the most dramatic changes in available 
habitat composed the large, outer rings, and communities at the less-affected sites made 
up the inner rings.  This response is similar to the one shown by Houseman, et al. (2008), 
where plant community dispersion in a grassland increased with greater magnitude of 
disturbance.  Whereas all communities seemed to retain some degree of self-similarity to 
the initial community condition (i.e., the community mean changed minimally; Warwick 
& Clarke, 1993), the sites most affected by drought conditions supported communities 
that emphasized more of the fringe of this community composition. 
 Community trajectories at all sites through time followed a fairly consistent 
pattern through ordination space, in spite of the variation in the magnitude of disturbance 
at each particular site.  Notably, this pattern went against our predictions given the 
inverse relationship between specific conductivity and Axis 2 in ordination space (Figure 
3.5).  We had expected the drawdown to increase salinity as the same amount of salts 
were concentrated in less water, and then to rapidly decrease after flushing during the 
rewetting.  However, this prediction ignored the saltwater intrusion phenomena that had 
not yet been recognized at the time of this study.  With saltwater adding salinity to the 
site during the rewetting but not during the drawdown (when downstream water pumping 
prevented upstream brackish water inputs), specific conductivity actually decreased 
during the drawdown relative to pre- or post-drawdown.  Thus, community trajectories 
went against the wetted perimeter and salinity gradients during the drawdown and with 
them during the rewetting, in a cyclical fashion.   
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Largely regardless of salinity, pH, temperature, or any other environmental 
variable measured, wetted perimeter seemed to exert a strong control on the 
macroinvertebrate communities over the course of this study.  Of course, wetted 
perimeter is interrelated to many other hydrological variables (Clausen & Biggs, 1997; 
Clausen & Biggs, 2000), but we chose to focus on this one, principal hydrologic driver as 
is common in such gradient effect research (Lancaster & Belyea, 2006).  It is not 
surprising to find that a hydrological variable controlled community composition over the 
course of this study given the wealth of previous research to support such a result (Poff & 
Ward, 1989).  However, most other drought studies have particularly emphasized the 
importance of micro-scale refugia (e.g. small rock pools)- rather than channel reach-scale 
hydrological variables like wetted perimeter- in maintaining vestiges of community 
structure during severe drought conditions (Dewson et al., 2007b).  As a former 
agricultural field, the homogeneous silt-sand bed and lack of woody debris at Timberlake 
meant that refugia of this form were largely unavailable to the site’s aquatic biota.  As 
such, hydrologic conditions, rather than a heterogeneous geomorphic mosaic (Pringle et 
al., 1988), had a large influence on the localized presence of aquatic biotic.  Thus, wetted 
perimeter may be a good analogue for available habitat under such conditions.   
 The emphasis on the presence of water in providing habitat- rather than water and 
substrate- may explain the most noticeable changes in community composition at 
Timberlake.  When wetted perimeter shrank and desiccated bankside cattails and 
associated vegetation, hydrophyte-associated macroinvertebrates lost their optimal habitat 
and apparently many of them died, as indicated by the declines in their abundance and 
richness that continued even post-rewetting (Figure 3.6).  The most mobile, swimming 
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taxa, however, actually responded positively to the drawdown in terms of abundance.  In 
the case of these taxa, their available habitat (the pelagic zone) was decreased by the 
experimental drought, but this may have been offset by the removal of competitors.  This 
would have allowed swimmers to rapidly colonize from elsewhere (perhaps from the 
drought-unaffected areas of Timberlake, such as those areas near or above the 
geomorphic invert) and to dominate especially post-rewetting.  Similar patterns following 
shifts in competitive balances have been observed following disturbances in other 
ecosystems as well, such as in prairie grasslands (Questad & Foster, 2007).  At 
Timberlake, swimming and hydrophyte-associated taxa were primarily predaceous 
Coleoptera and Odonata, respectively, which compete for many of the same prey 
resources.  As a result, declining abundances of hydrophyte-associated 
macroinvertebrates may have made more benthic prey available to these swimming 
macroinvertebrates, whose subsequent increase in abundance may explain why benthic 
macroinvertebrate abundances remained relatively stable throughout the study.  
Conclusions  
The predictable nature of this experimental drawdown allowed rigorous, 
structured sampling to occur pre-, during-, and post-drawdown, which is difficult in 
systems not controlled by an electric pump and flap gates.  Although the drawdown itself 
was clearly experimental and occurred over a fairly short timescale, late summer is a 
feasible time for low-flow conditions to occur in this region of the US.  Additionally, the 
rapid rewetting of the site is not unlike hurricane-type precipitation that also can occur 
regionally in late summer-early fall, so this experimental manipulation was not without 
natural climatic precedent.  Hurricane Hanna, which passed over the site ~2 days post-
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rewetting, was a serendipitous reminder of this fact.  Thus, we believe it may be possible 
to extrapolate the conclusions of this study to natural droughts occurring on seasonal- if 
not longer- timescales.   
We particularly note that hydrologic conditions (wetted perimeter in this case) 
should not be de-emphasized in favor of discussing species migration to micro-scale 
areas of geomorphic refugia.  In fact, wetted perimeter in the absence of geomorphic 
heterogeneity was a fairly good analog for available habitat in this study.  Thus, we 
suggest a dualistic approach in future drought studies that incorporates both hydrologic 
and geomorphic aspects of habitat alteration may be most beneficial.  Droughts also may 
not represent a threshold-type disturbance for biota; rather, biotic response in our study 
varied incrementally with drought severity.  Finally, rewetting (even rapid rewetting) at 
Timberlake seemed to represent an end to the drought disturbance, rather than a 
continuation of it.  Nonetheless, community recovery to a pre-drought condition may take 
longer than initial response to drought, as competitive balances between displaced taxa 
and open-niche opportunists are slowly restored.      
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Appendices 
 Supplemental data from this study can be found in Appendices 1 and 4, which 
contain GPS points and all macroinvertebrate data, respectively. 
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Table 3.1.  Wetted perimeter and depth (analogues for aquatic habitat availability) by site pre/post- and during-drawdown. 
 
Wetted perimeter Depth 
Site Pre/Post- During Change Change Pre/Post- During Change Change 
(Effect) Drawdown (m) Drawdown (m) (m)  (%) Drawdown (m) Drawdown (m) (m)  (%) 
Very small 3.13 3.06 -0.07 2.3% 0.63 0.52 -0.11 17.2% 
Minimal 1.59 1.25 -0.34 21.3% 0.84 0.62 -0.22 26.3% 
Slight 2.50 1.68 -0.81 32.6% 0.83 0.61 -0.22 26.8% 
Moderate 2.99 1.67 -1.32 44.1% 1.16 1.02 -0.14 11.7% 
Severe 4.85 1.56 -3.29 67.9% 0.67 0.28 -0.39 57.6% 
Extreme 3.93 0.58 -3.35 85.1% 1.38 0.11 -1.27 95.2% 
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Table 3.2.  Water quality measurements pre-, during-, and post-drawdown. 
 
Sample event Pre Drawdown 1 Drawdown 2 Drawdown 3 Post 1 Post 2 Post 3 
Time (# Days) Day 0 Day 4 Day 7 Day 14 Day 20 Day 26 Day 32 
Site Sample time 4:00 PM 11:30 AM 12:00 PM 11:00 AM 11:00 AM 10:00 AM 12:00 PM 
 Very small 30.75 25.78 26.18 22.98 23.69 25.80 21.52 
Minimal 24.96 23.35 23.31 22.47 24.63 25.63 21.53 
Temp Slight 31.11 23.97 25.02 22.22 25.72 27.03 20.78 
(°C) Moderate 30.50 24.23 23.15 24.17 26.38 27.05 2 1.02 
Severe 30.23 25.11 24.75 24.73 24.96 28.63 21.70 
Extreme 30.37 32.28 32.50 29.15 25.80 26.37 22.69 
 Very small 0.51 0.53 0.52 0.57 0.54 1.36 1.75 
Minimal 9.08 6.98 6.77 3.44 8.13 7.58 7.34 
SpC Slight 9.48 7.40 6.69 4.65 8.26 8.18 5.22 
(mS/cm) Moderate 10.30 6.20 5.57 4.06 8.30 8.96 5.29 
Severe 9.86 6.05 5.57 3.87 8.40 8.61 5.67 
Extreme 10.65 6.67 6.01 4.05 10.38 10.40 6.64 
 Very small 5.22 4.79 4.71 4.50 4.43 3.99 3.85 
Minimal 5.26 5.42 5.13 4.45 4.36 5.91 5.99 
pH Slight 5.61 5.22 4.23 4.66 4.41 3.95 3.80 
Moderate 5.29 5.07 4.55 5.12 4.47 5.63 3.69 
Severe 6.89 4.16 4.17 3.93 4.62 4.34 3.80 
Extreme 6.03 4.04 3.81 3.83 5.48 5.12 3.93 
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Table 3.3.   Results of permutational MANOVA tests for comparisons of 
macroinvertebrate communities grouped by site (strength of drawdown impact) and event 
(pre-, during-, post-drawdown).  Statistically significant community differences are in 
bold.  
 
Comparison F p 
Event Pre-Drawdown 1.195 0.227 
Pre-Post 1.921 0.003 
Drawdown-Post 4.721 0.001 
Overall 2.907 0.001 
Site Minimal-Slight 1.006 0.101 
Minimal-Moderate 1.358 0.138 
Minimal-Severe 1.471 0.052 
Minimal-Extreme 1.989 0.024 
Slight-Moderate 1.146 0.093 
Slight-Severe 1.632 0.024 
Slight-Extreme 1.371 0.145 
Moderate-Severe 1.139 0.213 
Moderate-Extreme 1.464 0.007 
Severe-Extreme 1.520 0.043 
Overall 1.423 0.001 
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Table 3.4.  Mantel test results for macroinvertebrate community correlations between sampling events (top matrix) and sites 
(bottom matrix).  Pearson’s r values are shown, with corresponding p-values in parentheses.  Bold values indicate a significant 
correlation between sampling events or sites, non-bold values indicate the communities are not significantly correlated (i.e., they 
are different).  
 
Pre Drawdown 1 Drawdown 2 Drawdown 3 Post 1 Post 2 
Sampling event Day 0 Day 4 Day 7 Day 14 Day 20 Day 26 
Drawdown 1- Day 4 -0.077 (0.531)   
Drawdown 2- Day 7 0.245 (0.266) 0.267 (0.298)   
Drawdown 3- Day 14 0.020 (0.452) 0.241 (0.229) 0.125 (0.298)   
Post 1- Day 20 0.590 (0.001) 0.331 (0.151) 0.177 (0.241) 0.014 (0.458)   
Post 2- Day 26 0.436 (0.175) 0.163 (0.388) -0.006 (0.426) 0.442 (0.104) 0.262 (0.177)   
Post 3- Day 32 0.488 (0.124) 0.411 (0.141) 0.513 (0.071) 0.476 (0.056) 0.323 (0.119) 0.577 (0.059) 
 
 
Site (Drawdown Effect) Very small Minimal Slight Moderate Severe 
                 Minimal -0.360 (0.951) 
                 Slight 0.137 (0.247) 0.252 (0.160) 
                 Moderate -0.148 (0.716) 0.263 (0.141) 0.590 (0.005) 
                 Severe 0.047 (0.410) 0.479 (0.021) 0.554 (0.006) 0.429 (0.037) 
                 Extreme -0.070 (0.635) 0.251 (0.134) 0.327 (0.102) 0.120 (0.298) 0.236 (0.156) 
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Table 3.5.  Two-sample t-test results for macroinvertebrates grouped by habit pre-, during-, and post-drawdown.  Bold values indicate 
a significant difference between groups. 
 
Pre-Drawdown Drawdown-Post Pre-Post 
Change t p Change t p Change t p 
Abundance Benthic -27.23% -0.4407 0.6647 41.62% -0.7383 0.4665 3.06% 0.0805 0.9368 
Swimming 25.13% 0.5192 0.6100 275.65% -3.1109 0.0043 370.04% 1.9540 0.0664 
Hydrophyte-associated -55.54% -2.7005 0.0146 -23.71% 0.9572 0.3467 -66.08% -3.7696 0.0014 
Terrestrial -35.29% -0.2572 0.7999 1945.45% -3.0527 0.0049 1223.53% 1.7013 0.1061 
Total -34.87% -1.3632 0.1896 81.17% -2.3331 0.0271 17.99% 0.6236 0.5407 
Richness Benthic 42.40% 1.4367 0.1679 7.87% -0.1945 0.8472 53.60% 1.7589 0.0956 
Swimming -8.12% -0.1691 0.8676 56.21% -3.5702 0.0013 43.52% 2.1523 0.0452 
Hydrophyte-associated -12.96% -0.9864 0.3370 -6.22% 0.4339 0.6677 -18.38% -1.3132 0.2056 
Terrestrial -35.29% -0.2572 0.7999 1390.91% -3.3859 0.0021 864.71% 1.9021 0.0733 
Total -5.27% -0.1980 0.8453 36.45% -2.8182 0.0088 29.25% 1.9464 0.0674 
 
 
 
  
  
 
Figure 3.1.  Timberlake mitigation site (outlined in dashed line) in the Albermarle Sound 
region of North Carolina.  The six sampling sites (circles) are named according to 
strength of drought effect.  Trapezoids designate approximate regions of the flooded area 
pre- and post-drawdown and the geomorphic invert that minimized the drought effect on 
more upstream sites.  The solid, bold arrow outlines the path of the main gradient used in 
this study, smaller arrows indicate alternate water flow paths.
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Figure 3.2.  Magnitude of change in wetted perimeter and depth induced by the 
drawdown at each site, graphed relative to percent resemblance to the pre-drawdown site 
condition.  
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Figure 3.3.  Macroinvertebrate community NMDS ordination, with groupings by pre-, 
during-, and post-drawdown.  Asterisks represent group centroids.  The joint plot in the 
center indicates the direction and magnitude of the primary environmental gradients. 
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Figure 3.4.  The macroinvertebrate community NMDS ordination, with groupings according to sample site (main panel).  The smaller 
panel is a theoretical ordination of the communities, showing increasing dispersion with drought severity extending outward in 
concentric circles.    
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Figure 3.5.  Macroinvertebrate community NMDS ordination, with each panel 
representing community trajectories through time at each sample site. 
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Figure 3.6.  Macroinvertebrate richness and abundance, grouped according to 
mobility/habit pre-, during-, and post-drawdown.
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CHAPTER IV.
CONCLUSION, SYNTHESIS, AND IMPLICATIONS 
This thesis has presented two studies of ecological heterogeneity in streams.  The 
knickpoint research discussed in Chapter 2 has shown that the in-stream geomorphic 
complexity induced by knickpoints has effects on aquatic macroinvertebrate communities 
that are roughly in-line with what might be expected between meso-scale riffle-pool 
complexes.  This is in the sense that the knickpoint (riffle analogue) supports filter 
feeders and possibly a greater overall abundance of macroinvertebrates, the pool supports 
burrowers and decomposers, and so on.  Although preventing knickpoint formation and 
movement is often a focus of stream stabilization or restoration activities, the knickpoint 
itself provides habitat for filter feeders in particular, which are not located elsewhere in 
the small-scale reaches sampled.  Especially given the abundance of “sensitive” 
Trichoptera taxa (according to EPT metrics; Lenat & Penrose, 1996) found at the 
knickpoint face, the environmental heterogeneity surrounding the knickpoint may 
therefore have real implications for water quality assessment and stream restoration 
practices.  Nonetheless, any potential benefit of the knickpoint in providing 
heterogeneous habitat to support biodiversity is overshadowed by the “urban stream 
syndrome” (Walsh et al., 2005) depression in species metric observed in urban versus 
forested streams.  Thus, in this study, watershed-scale land use effects outweigh the 
micro-scale ecological heterogeneity induced by in-stream geomorphic complexity. 
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The drought study in Chapter 3 assessed the impacts of ecological heterogeneity 
in the context of macroinvertebrate community response to an experimental drought.  In 
this study, the magnitude of community response to drought severity increased with 
greater magnitude of hydrologic variability, measured as a change in wetted perimeter.  
This pattern was observed primarily as an increase in community dispersion with drought 
severity (in ordination space), rather than an alteration to the mean (sensu Houseman et 
al., 2008).  As a result, macroinvertebrate communities appeared in ordination space as a 
series of concentric circles, where the least dispersed community in the center was the 
least disturbed site.  This suggests that drought, at least at this site, does not lead to a 
regime shift or an alternative stable state (Holling, 1973); rather, it leads to a community 
structure that is more stochastic and variable without excluding any components of the 
original community composition.  Rapid rewetting following the drought immediately 
started a recovery trajectory back to pre-drought species conditions, however, and was 
not a continuation of the drought disturbance.  Additionally, in the absence of 
geomorphic channel and bed heterogeneity, hydrologic conditions such as wetted 
perimeter may be the most important factors to consider when looking at biotic response 
to droughts.  This is in contrast to most existing studies on drought that have emphasized 
the importance of refugia (Dewson, James & Death, 2007).  This suggests that using both 
hydrologic and geomorphic metrics in assessing the ecological heterogeneity induced by 
droughts may be a more useful approach. 
Based on the findings of these two case studies, some avenues for future research 
become apparent.  First, the knickpoints used in this study were fairly stationary in 
comparison to those in loess regions; studying the biotic and hydrologic effects of such 
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rapidly-migrating knickpoints may yield more distinct patterns than were observed in this 
thesis.  In addition, the extent to which knickpoints or other micro-scale habitat features 
serve as microcosms for traditional riffle-pool-run sequences has yet to be quantified 
explicitly.  This “habitat-scaling” may prove useful promoting a better understanding of 
species distributions in streams.  It would also be worthwhile to formally compare the 
importance of micro-scale pool formation (possibly below knickpoints) relative to reach-
scale hydrologic influences in controlling aquatic community structure and composition.  
This would be especially interesting in the context of disturbance conditions such as 
those induced by the watershed urbanization and drought processes that were 
documented in this thesis.      
Clearly, environmental heterogeneity in streams can have profound effects on 
freshwater biota.  This ecological heterogeneity is made manifest both with respect to 
space and time (Kolasa & Pickett, 1991), and can vary in importance across different 
scales of interest (Strayer, 2005).  This thesis has emphasized the importance of both 
spatial and temporal ecological heterogeneity, through the lens of geomorphic and 
hydrologic effects on macroinvertebrate communities.  It has supported the concept of the 
“stream as a mosaic” (Pringle et al., 1988) in that local geomorphology can provide 
unique, micro-scale habitat to support a diverse benthic community.  But it has also 
underscored the simultaneous and potentially-contradictory effects of the macro-scale 
environmental template in structuring community assembly.  Lastly, it has stressed the 
importance of temporal ecological heterogeneity provided by variable hydrologic 
regimes, and has challenged some of the notions of how droughts and rapid stream 
recharges act as disturbance events.  Above all, it is my hope that this thesis will have 
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shed some light on the general importance of underlying geomorphology and hydrology 
in structuring biological communities, to the overall benefit of stream ecologists.           
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APPENDICES 
 
Appendix A.1.  GPS points for sites used in the knickpoint study (Chapter 2, top) and the 
drought study (Chapter 3, bottom). 
  
Site Latitude (°N) Longitude (°W) 
BC1 35.91413744 -79.04489001 
MW1 35.90157151 -79.04047259 
MW2 35.90052009 -79.03820881 
NH1 35.99222481 -79.03418549 
NH2 35.98649025 -79.02844557 
NH3 35.98624349 -79.02631589 
Site Latitude (°N) Longitude (°W) 
Very Small 35.90435028 -76.16087981 
Slight 35.91094851 -76.16655000 
Minimal 35.91208577 -76.16555222 
Moderate 35.91288507 -76.16482803 
Severe 35.91367364 -76.16405555 
Extreme 35.91701031 -76.16109976 
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Appendix A.2.  Water quality data from the knickpoint study (Chapter 2). 
 
Site Location Date Time 
Temperature 
(°C) 
SpC 
(mS/cm) pH DO % 
BC1 Up 15m 6/18/2008 11:42 19.65 0.177 6.84 16.10 
BC1 Pool Start 6/18/2008 11:38 19.96 0.309 6.58 2.30 
BC1 Pool End 6/18/2008 11:36 20.07 0.302 6.65 5.00 
BC1 Down ~15m 6/18/2008 11:33 20.48 0.307 6.89 17.70 
MW1 Up 15m 6/17/2008 13:56 22.13 0.327 7.14 84.80 
MW1 Up 10m 6/17/2008 13:53 22.10 0.325 7.14 87.40 
MW1 Up 0m 6/17/2008 13:51 22.10 0.323 7.17 83.50 
MW1 Knickpoint 6/17/2008 13:49 22.08 0.326 7.16 89.70 
MW1 Pool Start 6/17/2008 13:45 21.96 0.333 7.25 77.10 
MW1 Pool End 6/17/2008 13:43 22.09 0.362 7.30 85.40 
MW1 Down ~15m 6/17/2008 13:40 22.33 0.409 7.34 91.00 
MW2 Up 15m 6/18/2008 13:59 20.18 0.454 7.37 96.80 
MW2 Up 10m 6/18/2008 13:57 20.29 0.454 7.41 95.00 
MW2 Up 0m 6/18/2008 13:56 20.32 0.454 7.43 93.70 
MW2 Knickpoint 6/18/2008 13:53 20.32 0.453 7.42 98.50 
MW2 Pool Start 6/18/2008 13:52 20.31 0.455 7.42 96.10 
MW2 Pool End 6/18/2008 13:50 20.30 0.455 7.40 88.60 
MW2 Down ~15m 6/18/2008 13:48 20.13 0.46 7.24 87.60 
NH1 Up 15m 6/17/2008 9:32 22.73 0.147 7.02 55.10 
NH1 Up 10m 6/17/2008 9:29 22.64 0.147 7.00 50.40 
NH1 Up 0m 6/17/2008 9:25 22.76 0.147 6.86 72.00 
NH1 Knickpoint 6/17/2008 9:23 22.76 0.143 6.73 74.30 
NH1 Pool Start 6/17/2008 9:21 22.76 0.147 6.96 72.90 
NH1 Pool End 6/17/2008 9:18 22.84 0.148 7.05 57.10 
NH1 Down ~15m 6/17/2008 9:11 22.79 0.146 6.94 60.10 
NH2 Up 15m 6/16/2008 12:35 26.67 0.154 7.25 87.60 
NH2 Up 10m 6/16/2008 12:32 24.32 0.154 7.26 76.90 
NH2 Up 0m 6/16/2008 12:29 26.03 0.153 7.38 87.30 
NH2 Knickpoint 6/16/2008 12:25 26.05 0.004 7.18 100.40 
NH2 Pool Start 6/16/2008 12:22 25.70 0.154 7.32 82.80 
NH2 Pool End 6/16/2008 12:20 25.84 0.154 7.27 91.60 
NH2 Down ~15m 6/16/2008 12:18 25.55 0.151 7.10 92.30 
NH3 Up 15m 6/16/2008 10:13 23.07 0.156 7.11 62.20 
NH3 Up 10m 6/16/2008 10:10 23.19 0.157 7.12 58.30 
NH3 Up 0m 6/16/2008 10:07 23.26 0.157 7.10 74.20 
NH3 Knickpoint 6/16/2008 10:05 23.24 0.155 7.08 79.30 
NH3 Pool Start 6/16/2008 10:01 23.16 0.157 7.14 66.20 
NH3 Pool End 6/16/2008 9:56 23.06 0.156 7.14 75.20 
NH3 Down ~15m 6/16/2008 9:53 23.08 0.163 7.13 63.10 
BC1 Up 15m 7/24/2008 8:38 21.94 0.164 7.00 57.80 
BC1 Up 10m 7/24/2008 8:35 21.87 0.161 6.95 52.10 
BC1 Up 0m 7/24/2008 8:32 21.72 0.163 6.99 60.30 
BC1 Pool Start 7/24/2008 8:29 22.32 0.157 6.74 55.10 
BC1 Pool End 7/24/2008 8:25 22.11 0.148 6.71 54.40 
BC1 Down ~15m 7/24/2008 8:23 22.18 0.148 6.66 60.20 
MW1 Up 15m 7/23/2008 16:39 23.31 0.346 7.92 93.30 
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Site Location Date Time 
Temperature 
(°C) 
SpC 
(mS/cm) pH DO % 
MW1 Up 10m 7/23/2008 16:37 23.31 0.346 7.91 94.10 
MW1 Up 0m 7/23/2008 16:36 23.32 0.347 7.94 86.70 
MW1 Knickpoint 7/23/2008 16:34 23.32 0.347 7.87 95.30 
MW1 Pool Start 7/23/2008 16:32 23.33 0.348 7.92 87.50 
MW1 Pool End 7/23/2008 16:31 23.35 0.363 7.87 94.00 
MW1 Down ~15m 7/23/2008 16:28 23.37 0.378 7.77 95.40 
MW2 Up 15m 7/23/2008 15:13 23.25 0.365 7.43 97.10 
MW2 Up 10m 7/23/2008 15:12 23.25 0.372 7.47 95.30 
MW2 Up 0m 7/23/2008 15:10 23.24 0.37 7.44 93.80 
MW2 Knickpoint 7/23/2008 15:09 23.23 0.371 7.33 99.40 
MW2 Pool Start 7/23/2008 15:08 23.23 0.371 7.38 97.90 
MW2 Pool End 7/23/2008 15:07 23.23 0.369 7.46 90.80 
MW2 Down ~15m 7/23/2008 15:05 23.24 0.371 7.39 86.40 
NH1 Up 15m 7/22/2008 16:03 27.90 0.126 7.35 88.40 
NH1 Up 10m 7/22/2008 16:01 27.90 0.129 7.41 82.70 
NH1 Up 0m 7/22/2008 15:59 28.01 0.129 7.31 100.00 
NH1 Knickpoint 7/22/2008 15:58 27.90 0.13 7.31 99.00 
NH1 Pool Start 7/22/2008 15:57 27.92 0.128 7.36 95.20 
NH1 Pool End 7/22/2008 15:56 27.98 0.129 7.35 96.80 
NH1 Down ~15m 7/22/2008 15:54 28.08 0.13 7.41 98.00 
NH2 Up 15m 7/22/2008 12:48 27.57 0.136 7.55 85.80 
NH2 Up 10m 7/22/2008 12:46 27.68 0.135 7.52 93.80 
NH2 Up 0m 7/22/2008 12:44 27.60 0.135 7.46 104.10 
NH2 Knickpoint 7/22/2008 12:43 27.58 0.13 7.43 105.80 
NH2 Pool Start 7/22/2008 12:41 27.53 0.136 7.48 101.90 
NH2 Pool End 7/22/2008 12:40 27.52 0.136 7.48 101.90 
NH2 Down ~15m 7/22/2008 12:37 27.43 0.136 7.43 102.50 
NH3 Up 15m 7/22/2008 14:18 28.78 0.135 7.71 89.70 
NH3 Up 10m 7/22/2008 14:16 28.73 0.135 7.69 99.70 
NH3 Up 0m 7/22/2008 14:14 28.73 0.135 7.69 108.10 
NH3 Knickpoint 7/22/2008 14:13 28.73 0.134 7.67 109.30 
NH3 Pool Start 7/22/2008 14:12 28.72 0.135 7.67 108.60 
NH3 Pool End 7/22/2008 14:10 28.68 0.135 7.66 108.60 
NH3 Down ~15m 7/22/2008 14:08 28.65 0.136 7.61 105.30 
BC1 Pool Start 8/12/2008 15:44 20.87 0.236 6.50 10.90 
BC1 Pool End 8/12/2008 15:46 21.71 0.231 6.59 18.80 
MW1 Up 15m 8/12/2008 13:53 20.79 0.411 7.36 93.50 
MW1 Up 10m 8/12/2008 13:52 20.80 0.411 7.37 93.40 
MW1 Up 0m 8/12/2008 13:49 20.75 0.411 7.37 92.70 
MW1 Knickpoint 8/12/2008 13:48 20.73 0.411 7.33 96.40 
MW1 Pool Start 8/12/2008 13:46 20.57 0.418 7.43 81.80 
MW1 Pool End 8/12/2008 13:44 20.65 0.464 7.52 92.00 
MW1 Down ~15m 8/12/2008 13:42 20.95 0.457 7.41 97.60 
MW2 Up 15m 8/12/2008 14:46 20.71 0.481 7.39 92.90 
MW2 Up 10m 8/12/2008 14:47 20.71 0.48 7.38 93.80 
MW2 Up 0m 8/12/2008 14:44 20.74 0.481 7.42 94.30 
MW2 Knickpoint 8/12/2008 14:43 20.73 0.482 7.35 99.10 
MW2 Pool Start 8/12/2008 14:42 20.72 0.468 7.38 98.60 
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Site Location Date Time 
Temperature 
(°C) 
SpC 
(mS/cm) pH DO % 
MW2 Pool End 8/12/2008 14:41 20.69 0.483 7.40 82.00 
MW2 Down ~15m 8/12/2008 14:38 20.63 0.448 7.28 85.70 
NH1 Up 15m 8/12/2008 8:53 19.00 0.15 6.92 47.60 
NH1 Up 10m 8/12/2008 8:52 19.71 0.148 6.89 45.50 
NH1 Up 0m 8/12/2008 8:50 19.39 0.021 6.77 51.30 
NH1 Knickpoint 8/12/2008 8:46 19.37 0.148 6.53 51.60 
NH1 Pool Start 8/12/2008 8:43 19.21 0.148 6.39 47.60 
NH1 Pool End 8/12/2008 8:41 19.18 0.148 6.19 42.40 
NH1 Down ~15m 8/12/2008 8:38 19.02 0.15 6.28 47.50 
NH2 Up 15m 8/12/2008 10:31 19.72 0.164 7.09 62.20 
NH2 Up 10m 8/12/2008 10:29 20.02 0.164 7.10 56.00 
NH2 Up 0m 8/12/2008 10:27 20.01 0.164 7.09 61.80 
NH2 Knickpoint 8/12/2008 10:25 20.10 0.159 7.01 74.20 
NH2 Pool Start 8/12/2008 10:23 20.07 0.163 6.99 59.30 
NH2 Pool End 8/12/2008 10:22 20.17 0.162 6.93 58.40 
NH2 Down ~15m 8/12/2008 10:19 20.19 0.163 6.74 67.90 
NH3 Up 15m 8/12/2008 11:47 21.47 0.184 7.29 64.90 
NH3 Up 10m 8/12/2008 11:45 20.45 0.186 7.32 63.60 
NH3 Up 0m 8/12/2008 11:43 20.95 0.182 7.39 71.80 
NH3 Knickpoint 8/12/2008 11:40 20.92 0.181 7.32 85.10 
NH3 Pool Start 8/12/2008 11:38 20.70 0.181 7.34 71.10 
NH3 Pool End 8/12/2008 11:36 21.62 0.179 7.30 79.50 
NH3 Down ~15m 8/12/2008 11:34 20.21 0.178 7.06 74.40 
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Appendix A.3.  Macroinvertebrates collected during knickpoint sampling (Chapter 2). 
 
                                                                    Site BC1 BC1 BC1 BC1 
                                                             Location Pool End Down ~15m Up 15m Up 10m 
Order: Family: Genus                                Date 6/18/2008 6/18/2008 6/18/2008 6/18/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 26 3 10 2 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 1 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 0 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 75 1 3 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 1 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site BC1 MW1 MW1 MW1 
                                                             Location Up 0m Pool End Down ~15m Up 15m 
Order: Family: Genus                                Date 6/18/2008 6/17/2008 6/17/2008 6/17/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 4 77 30 4 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 1 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 1 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 13 1 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 1 1 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 1 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 100 2 2 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 2 1 0 
Trombidiformes: Unknown2 0 1 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW1 MW1 MW1 MW1 
                                                             Location Up 10m Up 0m Knickpoint Pool Start 
Order: Family: Genus                                Date 6/17/2008 6/17/2008 6/17/2008 6/17/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 1 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 23 5 23 52 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 1 0 0 
Diptera: Simuliidae 0 0 52 0 
Diptera: Tipulidae 0 0 1 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 1 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 1 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 2 2 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 3 0 1 2 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 2 1 47 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 2 0 1 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW2 MW2 MW2 MW2 
                                                             Location Pool End Down ~15m Up 15m Up 10m 
Order: Family: Genus                                Date 6/18/2008 6/18/2008 6/18/2008 6/18/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 1 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 8 3 17 35 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 1 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 1 0 
Diptera: Tipulidae 0 0 1 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 49 3 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 1 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 3 3 0 8 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 1 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW2 MW2 MW2 NH1 
                                                             Location Up 0m Knickpoint Pool Start Pool End 
Order: Family: Genus                                Date 6/18/2008 6/18/2008 6/18/2008 6/17/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 1 
Coleoptera: Elmidae 0 0 0 1 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 1 
Collembola: Unknown1  0 0 0 1 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 1 
Diptera: Chironomidae 5 11 7 32 
Diptera: Culicidae 0 0 0 2 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 1 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 6 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 1 2 1 3 
Ephemeroptera: Caenidae: Caenis 0 0 0 5 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 14 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 12 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 1 1 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 3 3 4 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 70 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 1 6 
Trombidiformes: Unknown2 0 0 0 6 
Turbellaria 0 0 0 0 
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                                                                    Site NH1 NH1 NH1 NH1 
                                                             Location Down ~15m Up 15m Up 10m Up 0m 
Order: Family: Genus                                Date 6/17/2008 6/17/2008 6/17/2008 6/17/2008 
Amphipoda: Gammaridae: Gammarus 16 4 0 0 
Coleoptera: Elmidae 3 2 1 9 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 2 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 1 0 0 
Diptera: Chironomidae 22 61 52 12 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 2 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 2 6 2 
Ephemeroptera: Caenidae: Caenis 7 13 17 0 
Ephemeroptera: Heptageniidae: Stenonema 8 11 9 7 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 2 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 3 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 54 70 4 8 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 2 3 5 0 
Mollusca 0 0 6 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 1 0 
Oligochaeta 6 17 24 1 
Plecoptera: Perlidae: Acroneuria 1 0 2 18 
Plecoptera: Perlodidae 0 0 0 2 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 48 
Trichoptera: Hydroptilidae: Hydroptila 0 3 2 1 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 1 
Trombidiformes: Unknown1 2 10 6 12 
Trombidiformes: Unknown2 1 3 1 0 
Turbellaria 0 3 0 0 
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                                                                    Site NH1 NH1 NH2 NH2 
                                                             Location Knickpoint Pool Start Pool End Down ~15m 
Order: Family: Genus                                Date 6/17/2008 6/17/2008 6/16/2008 6/16/2008 
Amphipoda: Gammaridae: Gammarus 0 0 35 0 
Coleoptera: Elmidae 13 2 2 4 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 2 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 17 5 7 0 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 3 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 1 0 1 0 
Ephemeroptera: Caenidae: Caenis 14 1 0 1 
Ephemeroptera: Heptageniidae: Stenonema 2 1 1 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 3 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 3 1 26 1 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 1 0 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 1 1 3 
Plecoptera: Perlidae: Acroneuria 23 2 1 0 
Plecoptera: Perlodidae 2 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 37 4 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 69 4 4 1 
Trombidiformes: Unknown2 0 0 2 1 
Turbellaria 0 0 0 0 
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                                                                    Site NH2 NH2 NH2 NH2 
                                                             Location Up 15m Up 10m Up 0m Knickpoint 
Order: Family: Genus                                Date 6/16/2008 6/16/2008 6/16/2008 6/16/2008 
Amphipoda: Gammaridae: Gammarus 1 0 8 0 
Coleoptera: Elmidae 0 0 2 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 1 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 14 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 27 34 10 0 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 1 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 4 3 1 0 
Ephemeroptera: Caenidae: Caenis 11 3 3 0 
Ephemeroptera: Heptageniidae: Stenonema 5 2 3 1 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 1 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 6 2 12 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 1 0 0 
Mollusca 4 0 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 1 1 2 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 1 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 1 
Trombidiformes: Unknown2 2 0 2 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH2 NH3 NH3 NH3 
                                                             Location Pool Start Pool End Down ~15m Up 15m 
Order: Family: Genus                                Date 6/16/2008 6/16/2008 6/16/2008 6/16/2008 
Amphipoda: Gammaridae: Gammarus 0 0 2 8 
Coleoptera: Elmidae 8 4 0 11 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 2 1 2 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 5 
Diptera: Chironomidae 10 47 42 90 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 3 2 1 13 
Ephemeroptera: Caenidae: Caenis 4 2 6 32 
Ephemeroptera: Heptageniidae: Stenonema 1 0 3 3 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 1 0 0 
Hemiptera: Veliidae: Microvelia 1 1 0 0 
Hirudinea 0 1 1 0 
Isopoda: Asellidae: Asellus 8 32 7 5 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 2 0 3 2 
Mollusca 1 1 3 2 
Odonata: Coenagrionidae: Argia 0 0 1 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 1 31 2 
Plecoptera: Perlidae: Acroneuria 1 19 3 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 12 18 5 3 
Trombidiformes: Unknown2 1 0 0 5 
Turbellaria 0 0 0 1 
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                                                                    Site NH3 NH3 NH3 NH3 
                                                             Location Up 10m Up 0m Knickpoint Pool Start 
Order: Family: Genus                                Date 6/16/2008 6/16/2008 6/16/2008 6/16/2008 
Amphipoda: Gammaridae: Gammarus 2 0 0 0 
Coleoptera: Elmidae 0 1 0 1 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 1 0 0 1 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 2 0 0 0 
Diptera: Chironomidae 36 13 6 8 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 11 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 3 1 3 0 
Ephemeroptera: Caenidae: Caenis 3 3 0 0 
Ephemeroptera: Heptageniidae: Stenonema 9 1 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 1 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 1 0 5 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 40 0 0 1 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 3 0 0 0 
Mollusca 1 0 1 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 2 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 16 0 0 1 
Plecoptera: Perlidae: Acroneuria 0 0 1 2 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 2 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 3 3 8 0 
Trombidiformes: Unknown2 1 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site BC1 BC1 BC1 BC1 
                                                             Location Pool End Down ~15m Up 15m Up 10m 
Order: Family: Genus                                Date 7/22/2008 7/24/2008 7/24/2008 7/24/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 1 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 5 1 1 6 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 1 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 0 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 8 0 0 2 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site BC1 BC1 MW1 MW1 
                                                             Location Up 0m Pool Start Pool End Down ~15m 
Order: Family: Genus                                Date 7/24/2008 7/24/2008 7/23/2008 7/23/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 1 1 2 2 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 1 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 4 1 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 1 2 1 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 1 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 1 1 0 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 1 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW1 MW1 MW1 MW1 
                                                             Location Up 15m Up 10m Up 0m Knickpoint 
Order: Family: Genus                                Date 7/23/2008 7/23/2008 7/23/2008 7/23/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 2 0 1 1 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 22 
Diptera: Tipulidae 1 0 0 1 
Ephemeroptera: Baetidae: Pseudocloeon 0 2 0 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 1 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 1 1 1 1 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 1 0 1 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 11 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW1 MW2 MW2 MW2 
                                                             Location Pool Start Pool End Down ~15m Up 15m 
Order: Family: Genus                                Date 7/23/2008 7/23/2008 7/23/2008 7/23/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 2 0 0 1 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 0 2 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 1 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 0 0 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW2 MW2 MW2 MW2 
                                                             Location Up 10m Up 0m Knickpoint Pool Start 
Order: Family: Genus                                Date 7/23/2008 7/23/2008 7/23/2008 7/23/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 0 0 2 0 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 5 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 1 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 1 
Odonata: Coenagrionidae: Argia 1 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 0 0 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 2 75 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH1 NH1 NH1 NH1 
                                                             Location Pool End Down ~15m Up 15m Up 10m 
Order: Family: Genus                                Date 7/22/2008 7/22/2008 7/22/2008 7/22/2008 
Amphipoda: Gammaridae: Gammarus 2 0 0 0 
Coleoptera: Elmidae 2 1 1 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 4 2 0 1 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 0 2 23 116 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 1 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 3 0 
Ephemeroptera: Caenidae: Caenis 0 0 3 3 
Ephemeroptera: Heptageniidae: Stenonema 5 1 2 4 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 1 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 3 
Mollusca 1 1 0 1 
Odonata: Coenagrionidae: Argia 2 0 1 3 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 1 1 5 18 
Plecoptera: Perlidae: Acroneuria 2 1 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 8 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 1 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH1 NH1 NH1 NH2 
                                                             Location Up 0m Knickpoint Pool Start Pool End 
Order: Family: Genus                                Date 7/22/2008 7/22/2008 7/22/2008 7/22/2008 
Amphipoda: Gammaridae: Gammarus 0 0 1 0 
Coleoptera: Elmidae 21 0 4 5 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 4 0 2 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 54 46 32 39 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 3 0 1 0 
Diptera: Tipulidae 0 1 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 20 3 2 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 32 0 5 8 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 2 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 2 
Mollusca 5 0 2 2 
Odonata: Coenagrionidae: Argia 0 0 2 2 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 2 0 0 1 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 0 0 0 
Plecoptera: Perlidae: Acroneuria 21 0 9 1 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 161 1 32 1 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 6 0 2 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH2 NH2 NH2 NH2 
                                                             Location Down ~15m Up 15m Up 10m Up 0m 
Order: Family: Genus                                Date 7/22/2008 7/22/2008 7/22/2008 7/22/2008 
Amphipoda: Gammaridae: Gammarus 1 0 0 66 
Coleoptera: Elmidae 7 0 1 3 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 5 21 72 83 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 6 2 
Ephemeroptera: Caenidae: Caenis 0 0 6 1 
Ephemeroptera: Heptageniidae: Stenonema 7 0 1 10 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 8 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 1 
Hirudinea 0 0 1 0 
Isopoda: Asellidae: Asellus 0 1 0 10 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 1 3 
Mollusca 0 2 0 2 
Odonata: Coenagrionidae: Argia 0 0 0 2 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 1 0 0 5 
Plecoptera: Perlidae: Acroneuria 0 0 0 3 
Plecoptera: Perlodidae 0 0 0 1 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 4 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH2 NH2 NH3 NH3 
                                                             Location Knickpoint Pool Start Up 15m Up 10m 
Order: Family: Genus                                Date 7/22/2008 7/22/2008 7/22/2008 7/22/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 1 
Coleoptera: Elmidae 2 0 5 1 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 1 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 16 15 115 44 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 1 0 0 0 
Diptera: Tipulidae 1 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 5 1 6 0 
Ephemeroptera: Caenidae: Caenis 1 0 7 4 
Ephemeroptera: Heptageniidae: Stenonema 1 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 2 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 5 
Mollusca 1 0 2 4 
Odonata: Coenagrionidae: Argia 0 0 1 2 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 0 2 1 
Plecoptera: Perlidae: Acroneuria 7 0 0 1 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 30 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH3 NH3 NH3 NH3 
                                                             Location Up 0m Pool End Knickpoint Down ~15m 
Order: Family: Genus                                Date 7/22/2008 7/22/2008 7/22/2008 7/22/2008 
Amphipoda: Gammaridae: Gammarus 0 1 0 8 
Coleoptera: Elmidae 1 1 0 3 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 1 1 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 43 16 7 25 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 1 1 3 2 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 7 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 1 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 2 0 7 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 3 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 2 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 2 0 0 
Plecoptera: Perlidae: Acroneuria 0 7 2 0 
Plecoptera: Perlodidae 0 1 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 13 1 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH3 BC1 BC1 MW1 
                                                             Location Pool Start Pool Start Pool End Pool End 
Order: Family: Genus                                Date 7/22/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 2 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 2 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 14 4 4 37 
Diptera: Culicidae 0 0 3 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 0 7 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 6 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 1 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 1 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 1 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 2 0 0 1 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 7 10 1 
Plecoptera: Perlidae: Acroneuria 1 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 1 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW1 MW1 MW1 MW1 
                                                             Location Down ~15m Up 15m Up 10m Up 0m 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  1 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 16 2 4 0 
Diptera: Culicidae 0 0 0 1 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 3 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 2 0 0 0 
Odonata: Coenagrionidae: Argia 0 1 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 1 1 1 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW1 MW1 MW2 MW2 
                                                             Location Knickpoint Pool Start Pool End Down ~15m 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 1 16 1 2 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 3 0 0 0 
Diptera: Tipulidae 1 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 1 0 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 0 1 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 0 2 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 20 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW2 MW2 MW2 MW2 
                                                             Location Up 15m Up 10m Up 0m Knickpoint 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 0 1 0 0 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 2 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 10 0 0 0 
Ephemeroptera: Caenidae: Caenis 0 0 0 0 
Ephemeroptera: Heptageniidae: Stenonema 0 0 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 2 0 0 0 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 6 0 1 18 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site MW2 NH1 NH1 NH1 
                                                             Location Pool Start Pool End Down ~15m Up 15m 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 0 1 0 
Coleoptera: Elmidae 0 0 1 1 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 1 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 0 6 20 41 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 0 0 
Ephemeroptera: Caenidae: Caenis 0 10 1 2 
Ephemeroptera: Heptageniidae: Stenonema 0 1 1 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 1 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 0 1 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 12 8 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 1 
Mollusca 0 0 0 1 
Odonata: Coenagrionidae: Argia 0 0 2 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 2 0 3 4 
Plecoptera: Perlidae: Acroneuria 0 0 1 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH1 NH1 NH1 NH1 
                                                             Location Up 10m Up 0m Knickpoint Pool Start 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 22 
Coleoptera: Elmidae 0 0 0 7 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 2 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 2 0 
Diptera: Ceratopogonidae 0 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 30 0 3 21 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 1 0 0 0 
Ephemeroptera: Caenidae: Caenis 1 5 0 6 
Ephemeroptera: Heptageniidae: Stenonema 4 1 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 1 0 0 
Hemiptera: Gerridae: Trepobates 0 0 0 0 
Hemiptera: Veliidae: Microvelia 0 0 1 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 11 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 0 0 
Mollusca 0 0 0 0 
Odonata: Coenagrionidae: Argia 0 1 0 3 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 2 1 0 2 
Plecoptera: Perlidae: Acroneuria 0 1 2 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 1 3 1 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
  
  
 120 
 
                                                                    Site NH2 NH2 NH2 NH2 
                                                             Location Pool End Down ~15m Up 15m Up 10m 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 1 0 0 0 
Coleoptera: Elmidae 0 0 0 0 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 0 0 0 1 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 11 10 6 29 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 0 0 3 4 
Ephemeroptera: Caenidae: Caenis 2 1 2 12 
Ephemeroptera: Heptageniidae: Stenonema 0 1 0 2 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 1 0 0 1 
Hemiptera: Veliidae: Microvelia 0 0 0 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 3 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 0 0 2 3 
Mollusca 0 0 0 3 
Odonata: Coenagrionidae: Argia 1 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 0 6 2 2 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 0 1 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 1 0 0 1 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH2 NH2 NH2 NH3 
                                                             Location Up 0m Knickpoint Pool Start Up 15m 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 1 0 0 
Coleoptera: Elmidae 0 5 1 11 
Coleoptera: Hydraenidae 0 0 0 0 
Coleoptera: Psephenidae: Psephenus 0 1 0 0 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  2 3 0 0 
Diptera: Ceratopogonidae 0 0 0 1 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 1 
Diptera: Chironomidae 28 36 1 53 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 0 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 2 1 0 0 
Ephemeroptera: Caenidae: Caenis 5 1 4 14 
Ephemeroptera: Heptageniidae: Stenonema 1 1 0 3 
Ephemeroptera: Isonychiidae: Isonychia 0 2 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 1 0 1 
Hemiptera: Veliidae: Microvelia 0 2 2 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 0 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 6 0 0 3 
Mollusca 0 1 0 0 
Odonata: Coenagrionidae: Argia 0 2 0 2 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 1 0 0 5 
Plecoptera: Perlidae: Acroneuria 0 0 0 0 
Plecoptera: Perlodidae 0 9 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 21 129 0 1 
Trichoptera: Hydroptilidae: Hydroptila 0 0 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 0 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH3 NH3 NH3 NH3 
                                                             Location Up 10m Up 0m Knickpoint Pool End 
Order: Family: Genus                                Date 8/12/2008 8/12/2008 8/12/2008 8/12/2008 
Amphipoda: Gammaridae: Gammarus 0 0 0 1 
Coleoptera: Elmidae 1 10 4 2 
Coleoptera: Hydraenidae 0 0 1 0 
Coleoptera: Psephenidae: Psephenus 0 0 0 2 
Collembola: Unknown1  0 0 0 0 
Collembola: Unknown2  0 0 0 0 
Diptera: Ceratopogonidae 1 0 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 0 0 
Diptera: Chironomidae 31 99 5 17 
Diptera: Culicidae 0 0 0 0 
Diptera: Dixidae 0 0 0 0 
Diptera: Empididae 0 0 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 0 0 
Diptera: Psychodidae: Psychoda 0 0 0 0 
Diptera: Simuliidae 2 0 0 0 
Diptera: Tipulidae 0 0 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 2 10 1 1 
Ephemeroptera: Caenidae: Caenis 7 0 2 0 
Ephemeroptera: Heptageniidae: Stenonema 2 1 0 0 
Ephemeroptera: Isonychiidae: Isonychia 0 0 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 0 0 
Hemiptera: Gerridae: Trepobates 0 1 1 0 
Hemiptera: Veliidae: Microvelia 0 3 1 0 
Hirudinea 0 0 0 0 
Isopoda: Asellidae: Asellus 0 0 0 22 
Lepidoptera: Crambidae 0 0 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 0 0 
Megaloptera: Sialidae: Sialis 1 0 0 0 
Mollusca 0 1 0 0 
Odonata: Coenagrionidae: Argia 0 0 0 0 
Odonata: Cordulegastridae: Cordulegaster 0 0 0 0 
Odonata: Gomphidae: Arigomphus 0 0 0 0 
Odonata: Libellulidae: Libellula 0 0 0 0 
Oligochaeta 3 0 0 0 
Plecoptera: Perlidae: Acroneuria 0 0 4 0 
Plecoptera: Perlodidae 0 0 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 13 120 32 0 
Trichoptera: Hydroptilidae: Hydroptila 0 6 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 0 0 
Trombidiformes: Unknown1 2 0 0 0 
Trombidiformes: Unknown2 0 0 0 0 
Turbellaria 0 0 0 0 
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                                                                    Site NH3 NH3 
                                                             Location Down ~15m Pool Start 
Order: Family: Genus                                Date 8/12/2008 8/12/2008     
Amphipoda: Gammaridae: Gammarus 0 0 
Coleoptera: Elmidae 1 0 
Coleoptera: Hydraenidae 0 0 
Coleoptera: Psephenidae: Psephenus 0 1 
Collembola: Unknown1  0 0 
Collembola: Unknown2  0 0 
Diptera: Ceratopogonidae 0 0 
Diptera: Ceratopogonidae: Forcipomyia 0 0 
Diptera: Ceratopogonidae: Probezzia 0 0 
Diptera: Chironomidae 3 10 
Diptera: Culicidae 0 0 
Diptera: Dixidae 0 0 
Diptera: Empididae 0 0 
Diptera: Nymphomyiidae: Nymphomyia 0 0 
Diptera: Psychodidae: Psychoda 0 0 
Diptera: Simuliidae 0 0 
Diptera: Tipulidae 0 0 
Ephemeroptera: Baetidae: Pseudocloeon 1 2 
Ephemeroptera: Caenidae: Caenis 0 1 
Ephemeroptera: Heptageniidae: Stenonema 1 2 
Ephemeroptera: Isonychiidae: Isonychia 0 0 
Ephemeroptera: Leptophlebiidae: Leptophlebia 0 0 
Hemiptera: Gerridae: Rheumatobates 0 0 
Hemiptera: Gerridae: Trepobates 0 0 
Hemiptera: Veliidae: Microvelia 0 0 
Hirudinea 0 0 
Isopoda: Asellidae: Asellus 2 14 
Lepidoptera: Crambidae 0 0 
Lepidoptera: Noctuidae: Bellura 0 0 
Megaloptera: Sialidae: Sialis 0 0 
Mollusca 2 0 
Odonata: Coenagrionidae: Argia 0 1 
Odonata: Cordulegastridae: Cordulegaster 0 0 
Odonata: Gomphidae: Arigomphus 0 0 
Odonata: Libellulidae: Libellula 0 0 
Oligochaeta 3 1 
Plecoptera: Perlidae: Acroneuria 0 0 
Plecoptera: Perlodidae 0 0 
Trichoptera: Hydropsychidae: Hydropsyche 0 0 
Trichoptera: Hydroptilidae: Hydroptila 0 0 
Trichoptera: Hydroptilidae: Orthotrichia 0 0 
Trichoptera: Philopotamidae: Chimarra 0 0 
Trombidiformes: Unknown1 0 0 
Trombidiformes: Unknown2 0 0 
Turbellaria 0 0     
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Appendix A.4. Macroinvertebrate data from the drought study (Chapter 3). 
 
Order: Family: Genus Amphipoda: Coleoptera: Coleoptera: Coleoptera: 
  (Habit) Gammaridae: Anthicidae Carabidae Chrysomelidae 
Gammarus 
Site Date (Swimmer) (Terrestrial) (Terrestrial) (Terrestrial) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 0 0 0 0 
Moderate 8/17/2008 0 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 1 0 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 0 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 1 0 0 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 0 0 0 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 0 0 0 
Severe 8/24/2008 0 0 0 0 
Extreme 8/24/2008 0 0 0 0 
Very Small 9/1/2008 0 0 0 1 
Minimal 9/1/2008 0 0 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 0 1 6 
Minimal 9/7/2008 0 0 0 0 
Slight 9/7/2008 0 1 0 0 
Moderate 9/7/2008 0 0 0 0 
Severe 9/7/2008 0 1 0 0 
Extreme 9/7/2008 0 0 1 1 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 2 0 0 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 0 1 0 3 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 0 0 0 0 
Minimal 9/19/2008 0 0 0 0 
Slight 9/19/2008 0 0 0 0 
Moderate 9/19/2008 0 0 0 0 
Severe 9/19/2008 0 0 1 2 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Coleoptera: Coleoptera: Coleoptera: Coleoptera: 
  (Habit) Curculionidae Dytiscidae: Dytiscidae: Dytiscidae: 
  Agabetes Eretes Liodessus 
Site Date (Terrestrial) (Swimmer) (Swimmer) (Swimmer) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 0 0 0 0 
Moderate 8/17/2008 0 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 1 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 0 0 0 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 2 0 0 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 0 0 0 
Severe 8/24/2008 0 0 0 0 
Extreme 8/24/2008 0 0 0 0 
Very Small 9/1/2008 0 0 0 0 
Minimal 9/1/2008 0 0 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 0 0 0 
Minimal 9/7/2008 0 0 0 0 
Slight 9/7/2008 1 0 2 0 
Moderate 9/7/2008 0 0 0 0 
Severe 9/7/2008 1 0 0 0 
Extreme 9/7/2008 0 1 0 0 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 5 0 0 
Slight 9/13/2008 1 0 1 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 3 1 0 0 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 0 0 0 1 
Minimal 9/19/2008 1 0 1 0 
Slight 9/19/2008 0 0 2 0 
Moderate 9/19/2008 0 0 1 0 
Severe 9/19/2008 0 0 0 0 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Coleoptera: Coleoptera: Coleoptera: Coleoptera: 
  (Habit) Elateridae Haliplidae: Hydrophilidae: Hydrophilidae: 
  Peltodytes Berosus Enochrus 
Site Date (Terrestrial) (Swimmer) (Swimmer) (Swimmer) 
Very Small 8/17/2008 0 11 0 0 
Minimal 8/17/2008 0 0 1 0 
Slight 8/17/2008 0 0 1 0 
Moderate 8/17/2008 0 0 1 0 
Severe 8/17/2008 0 1 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 1 2 0 0 
Minimal 8/21/2008 0 0 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 0 0 0 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 3 0 1 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 1 0 0 
Severe 8/24/2008 0 0 0 0 
Extreme 8/24/2008 0 2 0 0 
Very Small 9/1/2008 0 3 0 0 
Minimal 9/1/2008 0 1 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 0 0 
Extreme 9/1/2008 0 1 0 0 
Very Small 9/7/2008 0 1 0 0 
Minimal 9/7/2008 0 1 0 0 
Slight 9/7/2008 0 2 0 0 
Moderate 9/7/2008 0 0 1 0 
Severe 9/7/2008 0 6 0 3 
Extreme 9/7/2008 0 0 0 1 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 0 0 0 
Slight 9/13/2008 0 0 1 0 
Moderate 9/13/2008 0 3 2 0 
Severe 9/13/2008 0 4 0 3 
Extreme 9/13/2008 0 0 2 1 
Very Small 9/19/2008 0 0 0 0 
Minimal 9/19/2008 0 0 0 0 
Slight 9/19/2008 0 6 1 0 
Moderate 9/19/2008 0 0 2 0 
Severe 9/19/2008 0 0 2 0 
Extreme 9/19/2008 0 1 1 0 
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Order: Family: Genus Coleoptera: Coleoptera: Coleoptera: Coleoptera: 
  (Habit) Hydrophilidae: Hydrophilidae: Hydrophilidae: Hydrophilidae: 
Hydrochares Hydrochus Paramycus Tropisturnus 
Site Date (Swimmer) (Swimmer) (Swimmer) (Swimmer) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 3 0 0 
Slight 8/17/2008 0 4 0 5 
Moderate 8/17/2008 0 1 0 3 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 1 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 0 1 3 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 1 0 0 
Minimal 8/24/2008 0 0 0 2 
Slight 8/24/2008 0 2 0 0 
Moderate 8/24/2008 0 1 0 0 
Severe 8/24/2008 0 1 0 0 
Extreme 8/24/2008 0 0 0 5 
Very Small 9/1/2008 0 1 0 0 
Minimal 9/1/2008 0 1 0 3 
Slight 9/1/2008 0 1 0 0 
Moderate 9/1/2008 0 0 0 4 
Severe 9/1/2008 0 2 0 2 
Extreme 9/1/2008 0 0 0 2 
Very Small 9/7/2008 0 1 0 0 
Minimal 9/7/2008 0 2 1 6 
Slight 9/7/2008 0 15 0 11 
Moderate 9/7/2008 0 8 0 13 
Severe 9/7/2008 0 3 0 8 
Extreme 9/7/2008 0 5 2 1 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 2 1 9 
Slight 9/13/2008 0 9 1 5 
Moderate 9/13/2008 0 6 0 29 
Severe 9/13/2008 2 2 0 26 
Extreme 9/13/2008 0 8 0 2 
Very Small 9/19/2008 0 1 0 0 
Minimal 9/19/2008 0 2 0 4 
Slight 9/19/2008 0 4 0 10 
Moderate 9/19/2008 0 5 0 13 
Severe 9/19/2008 1 0 0 25 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Coleoptera: Coleoptera: Coleoptera: Coleoptera: 
  (Habit) Hydrophilidae: Hydroscaphidae Noteridae: Noteridae: 
Sphaeridiinae Hydrocanthus Suphisellus 
Site Date (Swimmer) (Swimmer) (Swimmer) (Swimmer) 
Very Small 8/17/2008 0 0 2 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 1 0 1 0 
Moderate 8/17/2008 0 0 3 0 
Severe 8/17/2008 0 0 0 1 
Extreme 8/17/2008 0 0 1 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 0 1 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 0 2 1 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 0 0 0 
Minimal 8/24/2008 0 0 1 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 0 0 0 
Severe 8/24/2008 0 0 1 0 
Extreme 8/24/2008 0 0 0 2 
Very Small 9/1/2008 0 0 0 0 
Minimal 9/1/2008 0 0 3 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 4 
Severe 9/1/2008 0 0 1 3 
Extreme 9/1/2008 0 0 0 3 
Very Small 9/7/2008 0 1 1 0 
Minimal 9/7/2008 0 0 3 0 
Slight 9/7/2008 0 0 1 0 
Moderate 9/7/2008 0 0 0 0 
Severe 9/7/2008 0 0 8 0 
Extreme 9/7/2008 0 0 0 0 
Very Small 9/13/2008 0 0 1 0 
Minimal 9/13/2008 0 0 1 0 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 0 0 13 0 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 0 0 1 0 
Minimal 9/19/2008 0 0 0 0 
Slight 9/19/2008 0 0 1 1 
Moderate 9/19/2008 0 0 0 0 
Severe 9/19/2008 0 0 8 0 
Extreme 9/19/2008 0 0 1 0 
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Order: Family: Genus Coleoptera: Coleoptera: Collembola: Collembola: 
  (Habit) Salpingidae Staphylinidae Hypogastruridae Isotomidae 
  
Site Date (Terrestrial) (Terrestrial) (Terrestrial) (Terrestrial) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 0 0 0 0 
Moderate 8/17/2008 0 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 0 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 0 0 0 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 0 0 0 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 0 0 0 
Severe 8/24/2008 0 0 0 0 
Extreme 8/24/2008 0 0 0 0 
Very Small 9/1/2008 0 0 0 0 
Minimal 9/1/2008 0 0 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 0 0 0 
Minimal 9/7/2008 0 0 0 0 
Slight 9/7/2008 0 0 0 0 
Moderate 9/7/2008 0 0 0 0 
Severe 9/7/2008 1 1 2 0 
Extreme 9/7/2008 0 0 0 0 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 0 0 0 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 0 0 0 0 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 1 0 0 0 
Minimal 9/19/2008 0 0 0 1 
Slight 9/19/2008 0 0 0 0 
Moderate 9/19/2008 0 0 0 0 
Severe 9/19/2008 0 0 0 0 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Collembola: Collembola: Decapoda Diptera: 
  (Habit) Poduridae: Sminthuridae: Chaoboridae: 
Podura Vesicephalus Chaoborus 
Site Date (Terrestrial) (Terrestrial) (Swimmer) (Swimmer) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 0 0 0 3 
Moderate 8/17/2008 0 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 0 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 1 0 1 
Severe 8/21/2008 0 0 0 2 
Extreme 8/21/2008 0 0 1 0 
Very Small 8/24/2008 0 1 0 0 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 0 0 1 
Severe 8/24/2008 0 0 0 2 
Extreme 8/24/2008 0 0 0 0 
Very Small 9/1/2008 0 1 0 0 
Minimal 9/1/2008 0 0 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 1 0 0 
Minimal 9/7/2008 0 0 0 0 
Slight 9/7/2008 0 0 0 0 
Moderate 9/7/2008 0 1 0 0 
Severe 9/7/2008 3 0 0 0 
Extreme 9/7/2008 0 0 0 0 
Very Small 9/13/2008 0 0 1 0 
Minimal 9/13/2008 0 0 0 0 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 6 0 
Severe 9/13/2008 1 0 0 1 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 0 1 1 1 
Minimal 9/19/2008 0 1 0 0 
Slight 9/19/2008 0 1 1 0 
Moderate 9/19/2008 0 0 2 0 
Severe 9/19/2008 0 0 0 0 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Diptera: Diptera: Diptera: Diptera: 
  (Habit) Ceratopogonidae Ceratopogonidae Ceratopogonidae Chironomidae 
Atrichopogon Forcipomyia Probezzia 
Site Date (Benthic) (Benthic) (Benthic) (Benthic) 
Very Small 8/17/2008 1 1 16 120 
Minimal 8/17/2008 0 0 0 68 
Slight 8/17/2008 0 0 0 18 
Moderate 8/17/2008 0 0 0 85 
Severe 8/17/2008 0 0 0 2 
Extreme 8/17/2008 0 0 0 26 
Very Small 8/21/2008 0 0 7 19 
Minimal 8/21/2008 0 0 0 15 
Slight 8/21/2008 0 0 0 4 
Moderate 8/21/2008 0 0 0 71 
Severe 8/21/2008 0 0 0 55 
Extreme 8/21/2008 0 0 1 6 
Very Small 8/24/2008 0 0 0 20 
Minimal 8/24/2008 0 0 0 45 
Slight 8/24/2008 0 0 0 10 
Moderate 8/24/2008 0 0 0 94 
Severe 8/24/2008 0 0 0 40 
Extreme 8/24/2008 0 0 0 13 
Very Small 9/1/2008 0 0 2 9 
Minimal 9/1/2008 0 0 0 3 
Slight 9/1/2008 0 0 0 14 
Moderate 9/1/2008 0 0 0 18 
Severe 9/1/2008 0 0 0 42 
Extreme 9/1/2008 0 0 0 7 
Very Small 9/7/2008 0 0 1 6 
Minimal 9/7/2008 0 0 0 32 
Slight 9/7/2008 0 0 0 7 
Moderate 9/7/2008 0 0 0 27 
Severe 9/7/2008 0 0 0 7 
Extreme 9/7/2008 0 0 0 4 
Very Small 9/13/2008 0 0 1 22 
Minimal 9/13/2008 0 0 0 40 
Slight 9/13/2008 0 0 0 30 
Moderate 9/13/2008 0 0 0 108 
Severe 9/13/2008 0 0 0 39 
Extreme 9/13/2008 0 0 0 27 
Very Small 9/19/2008 0 0 2 20 
Minimal 9/19/2008 0 0 0 92 
Slight 9/19/2008 0 0 0 42 
Moderate 9/19/2008 1 0 0 44 
Severe 9/19/2008 0 0 0 86 
Extreme 9/19/2008 0 0 0 7 
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Order: Family: Genus Diptera: Diptera: Diptera: Diptera: 
  (Habit) Culicidae Ephydridae Sciomyzidae Tipulidae 
  
Site Date (Swimmer) (Benthic) (Benthic) (Benthic) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 6 0 
Slight 8/17/2008 18 0 0 0 
Moderate 8/17/2008 1 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 0 6 0 
Slight 8/21/2008 2 0 0 0 
Moderate 8/21/2008 4 1 34 2 
Severe 8/21/2008 5 0 3 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 0 0 0 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 2 0 4 0 
Severe 8/24/2008 0 1 4 2 
Extreme 8/24/2008 0 0 0 0 
Very Small 9/1/2008 1 0 0 0 
Minimal 9/1/2008 9 1 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 2 0 0 1 
Severe 9/1/2008 26 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 1 0 0 0 
Minimal 9/7/2008 2 1 3 0 
Slight 9/7/2008 1 0 6 0 
Moderate 9/7/2008 0 1 0 0 
Severe 9/7/2008 2 0 1 1 
Extreme 9/7/2008 0 0 0 0 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 0 0 0 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 0 0 0 2 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 1 0 0 0 
Minimal 9/19/2008 0 10 15 0 
Slight 9/19/2008 0 0 0 0 
Moderate 9/19/2008 1 1 0 0 
Severe 9/19/2008 0 0 0 1 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Hemiptera: Hemiptera: Hemiptera: Hemiptera: 
  (Habit) Belostomatidae: Cicadellidae Corixidae: Corixidae: 
Belostoma Hesperocorixa Trichocorixa 
Site Date (Hydrophytes) (Terrestrial) (Swimmer) (Swimmer) 
Very Small 8/17/2008 0 0 0 1 
Minimal 8/17/2008 2 0 0 0 
Slight 8/17/2008 10 0 1 0 
Moderate 8/17/2008 10 0 1 1 
Severe 8/17/2008 11 0 0 0 
Extreme 8/17/2008 2 0 0 0 
Very Small 8/21/2008 1 0 0 2 
Minimal 8/21/2008 7 0 0 1 
Slight 8/21/2008 2 0 0 4 
Moderate 8/21/2008 2 0 1 0 
Severe 8/21/2008 7 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 3 0 0 1 
Minimal 8/24/2008 7 0 0 0 
Slight 8/24/2008 1 0 0 50 
Moderate 8/24/2008 3 0 0 0 
Severe 8/24/2008 3 0 0 0 
Extreme 8/24/2008 0 0 0 1 
Very Small 9/1/2008 0 0 0 0 
Minimal 9/1/2008 2 0 0 0 
Slight 9/1/2008 1 0 0 0 
Moderate 9/1/2008 3 0 0 0 
Severe 9/1/2008 2 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 1 3 0 0 
Minimal 9/7/2008 9 0 0 0 
Slight 9/7/2008 5 0 0 5 
Moderate 9/7/2008 14 0 0 0 
Severe 9/7/2008 4 0 0 0 
Extreme 9/7/2008 0 0 0 0 
Very Small 9/13/2008 1 0 0 0 
Minimal 9/13/2008 7 0 0 42 
Slight 9/13/2008 13 0 0 100 
Moderate 9/13/2008 4 0 0 160 
Severe 9/13/2008 20 0 0 6 
Extreme 9/13/2008 8 0 0 3 
Very Small 9/19/2008 0 0 0 1 
Minimal 9/19/2008 2 0 0 5 
Slight 9/19/2008 5 2 0 139 
Moderate 9/19/2008 2 1 0 183 
Severe 9/19/2008 15 0 0 21 
Extreme 9/19/2008 2 0 0 19 
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Order: Family: Genus Hemiptera: Hemiptera: Hemiptera: Hemiptera: 
  (Habit) Hydrometridae: Mesoveliidae: Naucoridae: Nepidae: 
Hydrometra Mesovelia Pelocoris Ranatra 
Site Date (Hydrophytes) (Swimmer) (Hydrophytes) (Hydrophytes) 
Very Small 8/17/2008 0 0 2 0 
Minimal 8/17/2008 0 3 2 2 
Slight 8/17/2008 0 10 1 0 
Moderate 8/17/2008 1 0 0 1 
Severe 8/17/2008 0 0 7 1 
Extreme 8/17/2008 0 3 1 0 
Very Small 8/21/2008 0 28 1 0 
Minimal 8/21/2008 0 3 0 0 
Slight 8/21/2008 0 6 1 0 
Moderate 8/21/2008 0 2 1 0 
Severe 8/21/2008 0 0 0 1 
Extreme 8/21/2008 0 1 0 1 
Very Small 8/24/2008 0 61 0 1 
Minimal 8/24/2008 0 30 0 0 
Slight 8/24/2008 0 6 0 1 
Moderate 8/24/2008 0 7 1 0 
Severe 8/24/2008 1 3 2 1 
Extreme 8/24/2008 0 1 0 0 
Very Small 9/1/2008 0 0 1 1 
Minimal 9/1/2008 0 5 1 0 
Slight 9/1/2008 0 2 1 0 
Moderate 9/1/2008 0 1 1 3 
Severe 9/1/2008 0 2 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 7 1 0 
Minimal 9/7/2008 0 6 0 4 
Slight 9/7/2008 0 3 2 1 
Moderate 9/7/2008 0 7 1 0 
Severe 9/7/2008 0 0 0 0 
Extreme 9/7/2008 0 16 2 0 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 3 0 1 
Slight 9/13/2008 0 3 1 0 
Moderate 9/13/2008 0 0 1 0 
Severe 9/13/2008 1 11 1 0 
Extreme 9/13/2008 0 2 3 0 
Very Small 9/19/2008 0 3 0 0 
Minimal 9/19/2008 0 11 0 1 
Slight 9/19/2008 0 5 2 0 
Moderate 9/19/2008 0 2 0 0 
Severe 9/19/2008 0 8 1 2 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Hemiptera: Hemiptera: Hemiptera: Lepidoptera: 
  (Habit) Notonectidae: Veliidae: Veliidae: Noctuidae 
Notonecta Microvelia Platyvelia 
Site Date (Swimmer) (Swimmer) (Swimmer) (Hydrophytes) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 0 0 0 0 
Moderate 8/17/2008 0 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 1 0 
Very Small 8/21/2008 0 1 0 0 
Minimal 8/21/2008 0 0 0 0 
Slight 8/21/2008 0 0 1 0 
Moderate 8/21/2008 0 2 0 0 
Severe 8/21/2008 1 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 0 10 0 
Minimal 8/24/2008 0 0 14 0 
Slight 8/24/2008 0 0 3 0 
Moderate 8/24/2008 0 1 0 0 
Severe 8/24/2008 0 2 5 0 
Extreme 8/24/2008 0 0 0 0 
Very Small 9/1/2008 0 3 0 0 
Minimal 9/1/2008 0 0 3 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 5 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 0 0 0 
Minimal 9/7/2008 0 0 0 0 
Slight 9/7/2008 0 0 0 0 
Moderate 9/7/2008 0 1 0 0 
Severe 9/7/2008 0 0 1 0 
Extreme 9/7/2008 0 4 2 0 
Very Small 9/13/2008 0 0 0 0 
Minimal 9/13/2008 0 0 0 0 
Slight 9/13/2008 0 0 1 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 0 0 0 0 
Extreme 9/13/2008 0 3 0 0 
Very Small 9/19/2008 0 0 1 0 
Minimal 9/19/2008 0 0 1 0 
Slight 9/19/2008 0 0 1 0 
Moderate 9/19/2008 0 0 0 0 
Severe 9/19/2008 0 1 0 1 
Extreme 9/19/2008 0 0 0 0 
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Order: Family: Genus Mollusca Odonata: Odonata: Odonata: 
   (Habit)   Aeshnidae: Coenagrionidae: Coenagrionidae: 
  Anax Enallagma Ischnura 
Site Date (Swimmer) (Hydrophytes) (Hydrophytes) (Hydrophytes) 
Very Small 8/17/2008 0 0 0 13 
Minimal 8/17/2008 0 0 0 45 
Slight 8/17/2008 0 0 2 35 
Moderate 8/17/2008 0 0 0 11 
Severe 8/17/2008 0 0 8 0 
Extreme 8/17/2008 1 0 0 2 
Very Small 8/21/2008 0 0 2 4 
Minimal 8/21/2008 0 0 5 6 
Slight 8/21/2008 0 0 2 4 
Moderate 8/21/2008 0 0 0 7 
Severe 8/21/2008 0 0 1 10 
Extreme 8/21/2008 0 0 1 0 
Very Small 8/24/2008 0 0 5 11 
Minimal 8/24/2008 0 0 5 13 
Slight 8/24/2008 0 0 1 4 
Moderate 8/24/2008 0 1 3 4 
Severe 8/24/2008 0 0 0 8 
Extreme 8/24/2008 0 0 0 4 
Very Small 9/1/2008 0 0 4 5 
Minimal 9/1/2008 1 0 1 4 
Slight 9/1/2008 0 0 1 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 1 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 0 0 2 
Minimal 9/7/2008 0 0 0 3 
Slight 9/7/2008 0 0 0 0 
Moderate 9/7/2008 0 0 0 4 
Severe 9/7/2008 0 0 0 1 
Extreme 9/7/2008 0 0 0 0 
Very Small 9/13/2008 0 0 0 4 
Minimal 9/13/2008 0 0 0 2 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 0 2 
Severe 9/13/2008 0 0 0 1 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 0 0 0 7 
Minimal 9/19/2008 0 1 0 16 
Slight 9/19/2008 0 0 0 5 
Moderate 9/19/2008 0 0 0 3 
Severe 9/19/2008 0 0 0 7 
Extreme 9/19/2008 0 0 0 3 
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Order: Family: Genus Odonata: Odonata: Odonata: Oligochaeta 
  (Habit) Libellulidae: Libellulidae: Libellulidae: 
Erythemis Miathyria Pachydiplax 
Site Date (Hydrophytes) (Hydrophytes) (Hydrophytes) (Benthic) 
Very Small 8/17/2008 2 0 0 1 
Minimal 8/17/2008 0 0 19 0 
Slight 8/17/2008 0 0 56 0 
Moderate 8/17/2008 2 3 27 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 4 0 18 0 
Very Small 8/21/2008 0 0 0 0 
Minimal 8/21/2008 0 0 27 0 
Slight 8/21/2008 0 0 45 0 
Moderate 8/21/2008 1 0 9 0 
Severe 8/21/2008 0 1 37 0 
Extreme 8/21/2008 0 0 1 0 
Very Small 8/24/2008 0 0 1 2 
Minimal 8/24/2008 0 0 17 0 
Slight 8/24/2008 3 0 7 0 
Moderate 8/24/2008 0 0 17 0 
Severe 8/24/2008 0 0 13 0 
Extreme 8/24/2008 0 1 0 0 
Very Small 9/1/2008 0 1 0 0 
Minimal 9/1/2008 3 4 20 0 
Slight 9/1/2008 0 0 23 0 
Moderate 9/1/2008 0 0 11 0 
Severe 9/1/2008 0 0 1 0 
Extreme 9/1/2008 0 0 1 0 
Very Small 9/7/2008 0 0 0 0 
Minimal 9/7/2008 0 0 5 0 
Slight 9/7/2008 0 1 2 0 
Moderate 9/7/2008 0 0 0 0 
Severe 9/7/2008 0 0 0 0 
Extreme 9/7/2008 1 0 0 0 
Very Small 9/13/2008 0 0 2 0 
Minimal 9/13/2008 0 0 17 0 
Slight 9/13/2008 0 1 5 0 
Moderate 9/13/2008 1 3 26 0 
Severe 9/13/2008 0 2 10 0 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 0 0 0 0 
Minimal 9/19/2008 0 1 17 0 
Slight 9/19/2008 0 4 16 0 
Moderate 9/19/2008 0 0 0 0 
Severe 9/19/2008 0 2 1 0 
Extreme 9/19/2008 3 0 1 1 
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Order: Family: Genus Thysanoptera: Trichoptera: Trombidformes: Turbellaria 
  (Habit)   Leptoceridae: Hydracarina 
  Oectis 
Site Date (Terrestrial) (Benthic) (Swimmer) (Benthic) 
Very Small 8/17/2008 0 0 0 0 
Minimal 8/17/2008 0 0 0 0 
Slight 8/17/2008 0 0 0 0 
Moderate 8/17/2008 0 0 0 0 
Severe 8/17/2008 0 0 0 0 
Extreme 8/17/2008 0 0 0 0 
Very Small 8/21/2008 0 0 1 0 
Minimal 8/21/2008 0 0 0 0 
Slight 8/21/2008 0 0 0 0 
Moderate 8/21/2008 0 0 0 0 
Severe 8/21/2008 0 0 0 0 
Extreme 8/21/2008 0 0 0 0 
Very Small 8/24/2008 0 0 0 0 
Minimal 8/24/2008 0 0 0 0 
Slight 8/24/2008 0 0 0 0 
Moderate 8/24/2008 0 0 0 0 
Severe 8/24/2008 0 0 0 0 
Extreme 8/24/2008 0 2 0 0 
Very Small 9/1/2008 0 0 1 0 
Minimal 9/1/2008 0 0 0 0 
Slight 9/1/2008 0 0 0 0 
Moderate 9/1/2008 0 0 0 0 
Severe 9/1/2008 0 0 0 0 
Extreme 9/1/2008 0 0 0 0 
Very Small 9/7/2008 0 0 0 0 
Minimal 9/7/2008 0 0 0 0 
Slight 9/7/2008 0 0 0 0 
Moderate 9/7/2008 0 0 0 1 
Severe 9/7/2008 0 0 0 0 
Extreme 9/7/2008 0 0 1 0 
Very Small 9/13/2008 0 0 1 0 
Minimal 9/13/2008 0 0 0 0 
Slight 9/13/2008 0 0 0 0 
Moderate 9/13/2008 0 0 0 0 
Severe 9/13/2008 0 0 0 0 
Extreme 9/13/2008 0 0 0 0 
Very Small 9/19/2008 1 0 1 0 
Minimal 9/19/2008 0 0 0 0 
Slight 9/19/2008 0 0 0 0 
Moderate 9/19/2008 0 0 0 0 
Severe 9/19/2008 0 0 0 0 
Extreme 9/19/2008 0 0 0 0 
 
 
